_ FPD PROTECTING FILM, ME^ff^ OF PRODUCING THE SAME AND FPD 
\ USINCfSJHE SAME 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to a protecting film for 
FPD (Flat Panel Display) such as PDP (Plasma Display Panel), 
PALC (Plasma Addressed Liquid Crystal Display), and the like, 
a method of producing the same, and FPD using the same. 
Description of the Related Art 

As a method of forming a protecting film at low cost 
with excellent productivity as compared with a method of 
forming a FPD protecting film using a vacuum process such as 
an electron beam deposition process, a sputtering process, 
an ion plating process, or the like, various methods have 
been proposed. These proposed methods use a wet process 
such as a screen printing process, a spin coating process, a 
spray coating process, or the like using paste or a coating 
solution containing a MgO powder, a Mg(OH)2 powder, a mixture 
of MgO powder and Mg(OH)2 powder, or a rare earth oxide 
powder (for example, Japanese Unexamined Patent Publication 
Nos. 3-67437, 7-220640, 7-147136, 7-335134, 8-111177, 8- 
111178, 8-212917, 6-325696, 8-167381, 8-264125, 9-12940, 9- 
12976, 8-96718, etc.). 
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As this type of protecting film, a secondary electron 
emitting material for a plasma display panel is disclosed, 
which comprises a pair of discharge maintaining electrodes , 
a dielectric layer and a protecting layer, which are 
laminated on a back glass substrate, a fluorescent layer 
formed on the rear side of a front glass substrate, and an 
inert gas sealed between both substrates and emitting 
ultraviolet rays by discharge, the protecting layer being 
composed of a secondary electron emitting material such as 
fluorinated MgO (Japanese Unexamined Patent Publication No. 
7-201280). In this secondary electron emitting material, 
oxygen of MgO which constitutes the protecting layer is 
partially replaced by fluorine. Namely, the oxygen atoms of 
a lattice which forms a MgO ion crystal are partially 
replaced by fluorine atoms to form fluorinated MgO 
represented by the formula MgO^.x-yFy (wherein 0< X < 1 and 0 < 
Y < 1) . 

This secondary electron emitting material for a plasma 
display panel uses fluorinated MgO represented by MgO^.x-yFy 
the protecting layer, and thus forms localized levels by 
valence control, thereby decreasing the break-down voltage. 
As a result, it is possible to form a high-definition panel, 
and obtain a protecting film stable with the passage of time. 

On the other hand, as a PDP protecting film which is 
directly exposed to a discharge space and is thus a key 
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material playing the most important role in discharge 
characteristics, a MgO film having the high secondary 
electron emitting ability, and excellent sputtering 
performance, light transmission, and insulating property is 
conventionally used. 

However, the MgO film is easily degenerated due to 
reaction with CO2 and H2O when exposed to air during the 
process. Therefore, it is known that in order to obtain the 
original characteristics of MgO, degassing evacuation must 
be carried out under vacuum and heating for a long time 
after panel sealing (for example. Latest Plasma Display 
Manufacturing Technology, edited by Sato, Press Journal, p. 
118-123 and p. 291-295 (1997)). This is because impurity 
gases of H2O, Hj, O2, CO, CO2, N2, and the like adversely 
affect discharge characteristics of PDP and a constituent 
material of a panel, and particularly, contamination with CO2 
deteriorates panel characteristics to an unrecoverable level. 

Therefore, in order to prevent degeneration of MgO, it 
has been proposed to coat the surface of MgO with another 
material having low moisture permeability (Japanese 
Unexamined Patent Publication No. 10-149767, and W, T, Lee 
et al; "LaFa coated MgO protecting layer in AC-Plasma Display 
Panels", IDW99^, P. 72-75). 

The above Japanese Unexamined Patent Publication No. 
10-149767 discloses a method of manufacturing PDP comprising 
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forming a protecting film, forming a temporary protecting 
film with low moisture permeability on the protecting film, 
and then removing the temporary protecting film. In this 
method, the surface of the protecting film is protected by 
the temporary protecting film during manufacture of PDP, 
preventing the formation of a degenerated layer on the 
surface of the protecting film. As a result, a protecting 
film having good discharge characteristics can be obtained, 
and pyrolysis of the degenerated layer of the protecting 
film is made unnecessary. 

The above document of W. T. Lee et al proposes that LaFg 
coating having low moisture permeability on a MgO protecting 
film can suppress degeneration of the MgO protecting film, 
and realize a higher degree of secondary- electron emitting 
property and a lower degree of discharge property. 

However, in the conventional method of forming a 
protecting film disclosed in each of the above publications, 
a MgO powder, a Mg(OH)2 powder, a MgO powder obtained by 
burning a mixture of MgO powder and Mg(OH)2 powder, or a rare 
earth oxide powder comprises fine particles and thus has a 
large surface area, thereby causing the probability that the 
surfaces relatively readily react with carbon dioxide and 
moisture in air to form a carbonate and hydroxide. There is 
thus a problem in that carbon dioxide and moisture are 
released to the discharge space during discharge of PDP to 
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deteriorate discharge characteristics . 

In addition, the secondairy-electron emitting material 
for a plasma display panel disclosed in Japanese Unexamined 
Patent Publication No. 7-201280 comprises a protecting layer 
composed of fluorinated MgO represented by MgO^.x-yFy, and thus 
has a problem in that since a difference between the thermal 
expansion coefficients of the protecting layer and a 
substrate (dielectric layer) is relatively large, the 
protecting layer and the substrate (dielectric layer) have 
low adhesion and matching therebetween, and poor electric 
insulation as compared with the use of a MgO film as a 
protecting layer. 

Furthermore, the PDP manufacturing method disclosed in 
Japanese Unexamined Patent Publication No. 10-149767 and the 
document of W. T. Lee et al is difficult to match the 
temporary protecting film and the protecting film in 
formation of the temporary protecting film, and thus causes 
cracks in the temporary protecting film or peeling of the 
temporary protecting film, thereby causing the insufficient 
effect of preventing degeneration of the protecting film by 
the temporary protecting film. A possible method of 
improving this is to coat a thick temporary protecting film 
on a protecting film. However, this method has the problem 
of producing large amounts of impurities (decomposition 
products of the temporary protecting film) in removal of the 
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temporairy protecting film. 

Furthermore, the document of W. T. Lee et al discloses 
that LaFa is coated to 5 to 90 nm on MgO. However, such a 
two-layer structure has a problem in that the break-down 
voltage is rapidly changed when the LaFg upper layer film is 
removed by sputtering, thereby failing to obtain a 
sufficient life time. 

SUMMARY OF THE INVENTION 

Accordingly, a first object of the present invention is 
to provide a FPD protecting film and a method of producing 
the same which is capable of preventing deterioration in 
adhesion and matching with a substrate (dielectric layer) , 
and preventing deterioration in electric insulation. 

A second object of the present invention is to provide 
a FPD protecting film and a method of producing the same 
which is capable of inhibiting or suppressing reaction of 
MgO or the like in a film body, a film or the protecting 
film with CO2 gas and HjO gas in air to prevent or suppress 
degeneration of MgO to MgCOa, Mg(0H)2, etc. harmful to FPD, 
i.e., capable of improving the environment resistance of the 
film body, the film or the protecting film. 

A third object of the present invention is to provide a 
FPD protecting film and a method of producing the same which 
is capable of preventing or suppressing the formation of a 



carbonate (MgCOa or the like), a hydroxide (Mg(OH)2), etc. of 
MgO before the formation of a fluoride layer on the surface 
of a film body to shorten the time of the vacuum evacuation 
heating step or omit the vacuum evacuation heating step 
during manufacture of FPD. 

A fourth object of the present invention is to provide 
a FPD protecting film and a method of producing the same 
which permits the relatively easy formation of a fluoride 
layer with a high secondary-electron emitting ability on the 
surface of a film body or the surfaces of MgO powder which 
constitutes the film. 

A fifth object of the present invention is to provide 
FPD using a protecting film which is capable of 
significantly decreasing the number of production steps. 

A sixth object of the present invention is to provide a 
method of producing a FPD protecting film, which is capable 
of improving matching between a fluoride layer and a 
protecting film to prevent the occurrence of cracks in the 
fluoride layer and peeling of the fluoride layer in the FPD 
manufacturing process, and improve the effect of preventing 
degeneration of the protecting film by the fluoride layer. 

A seventh object of the present invention is to provide 
a FPD protecting film and a method of producing the same 
which permits the removal of a fluoride layer after assembly 
of FPD to improve the discharge characteristics. 



8 - 



In accordance with Claim 1 of the pre^.efit invention, as 
shown in Figs. 1 and 2, a FPD protecjiiig film comprises a 
film body 14a formed on a substp^e 13 and made of any one 
of MgO, CaO, SrO, BaO, aJ^Jcdli earth compound oxides, rare 
earth oxides, and coitipound oxides of alkali earth oxides and 
rare earth ojcardes; and a fluoride layer 14b formed on the 
surfac^^^f the film body 14a. 

In the FPD protecting film in accordance with Clap9<i^ 
the surface of the film body 14a is coated with;fetie fluoride 
layer 14b, and thus MgO or the like in th^..^^lm body 14a 
little reacts with CO2 gas and H2O gp^^n air even when the 
protecting film 14 is expos ed>tro air for a long time in the 
process for manuf acturiij^T^PD 10 (refer to Fig. 2). As a 
result, MgO or th^^^^^ke in the film body 14a is little 
degenerated^t^MgCOa and Mg(OH)2 which possibly deteriorate 
the fjjH^tion of the FPD 10. 

Since the film body 14a having substantially the same 
thermal expansion coefficient as the substrate 13 is bonded 
to the substrate 13, the protecting film 14 is not separated 
from the substrate 13 due to a heat cycle, thereby causing 
high adhesion and matching between the protecting film 14 
and the substrate 13. 

In accordance with Claim/^ of the present invention, as 
shown in Figs. 3 and 4, a FPD protecting film comprises a 
film body 34a formed on A substrate 13 and made of any one 
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of MgO, CaO, SrO, BaO, alkali earth compoun^.-'tSxides , rare 
earth oxides , and compound oxides oj^-^edkali earth oxides and 
rare earth oxides, wherein tjiertilm body 34 a is formed by 
using a fluoride lay^^-^oated powder of any one of MgO, CaO, 
SrO, BaO, alkali^arth compound oxides, rare earth oxides, 
and compoiprd oxides of alkali earth oxides and rare earth 
oxid$ 

In the FPD protecting film in accordance with C±a±m 2, 
the surfaces of MgO powder particles or the like coated 
with fluoride layers, and thus MgO or the like/in the film 
body 34a little reacts with CO2 gas and Yi^O/gsiS in air even 
when the protecting film 34 is exposed^/€o air in the 
manufacturing process (refer to Fig/T 4). As a result, MgO 
or the like in the film body 34^r is little degenerated to 
MgCOa, Mg(OH)2, etc. having tfie probability of deteriorating 
the function of FPD 10. v^ince the fluoride layers coated on 
the surfaces of MgO^Jowder or the like are very thin, the 
mechanical char^<^teristics of the MgO powder or the like are 
substantial^ the same as a MgO powder or the like with no 
fluorijd6 layer coated on the surfaces thereof. 

The fluoride layer 14b is preferably represented by 
MOxFy (M is Mg, Ca, Sr, Ba, an alkali earth complex metal, a 
rare earth metal, or a complex metal of an alkali earth 
metal and a rare earth metal , 0 ^ X < 2 , and 0 < Y ^4 ) . 
The fluoride layer 14b is preferably obtained by 
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reaction of a gaseous fluorinating agent with any one of MgO, 
CaO, SrO, BaO, alkali earth compound oxides, rare earth 
oxides , and compound oxides of alkali earth oxides and rare 
earth oxides* 

Furthermore, as the gaseous fluorinating agent, any one 
of fluorine gas, hydrogen fluoride gas, BF3, SbPg and SF4, 
particularly, fluorine gas or hydrogen fluoride gas, is 
preferably used. The thickness of the fluoride layer is 
preferably set in the range of 0.1 to 1000 nm. 

In accordance with Claim 7 of the present invgn^lflon, a 
method of producing a FPD protecting f ilm oon^rises forming 
a film body 14a on a substrate 13 bv^r^ng any one of MgO, 
CaO, SrO, BaO, alkali earth cojj^y^und oxides, rare earth 
oxides , and compound oxifi^s of alkali earth oxides and rare 
earth oxides; and^tdfeating the surface of the film body with 
a gaseous f IjKJrinating agent to form a fluoride layer 14b on 
the siopface of the film body 14a, as shown in Figs. 1 and 2. 

In the method of producing a FPD protecting jfirlm in 
accordance with Claim 7, MgO or the like^ariT the film body 
14a is little degenerated to MgCaj...-^nd Mg{OH)2 which are 
harmful to the function of JHle FPD 10 (refer to Fig. 2), 
thereby shortening time of the subsequent degassing step 

for removing JJgCOg and Mg(OH)2 or omitting the subsequent 
degasgiilg step. 

In accordance with Claim 8 of the^p^^ers^nt^ invention. 
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the method according to Claim 7 comprises fojaftdTng a film 
body 14a on a substrate 13 in a vacj^urffT and treating the 
surface of the film body 14a>«rth a gaseous fluorinating 
agent in a vacuum or ^^ar^nert gas atmosphere without 
exposing the fi^^rToody 14a to air to fonn a fluoride layer 
14b on tlmx^urface of the film body 14a, as shown in Figs. 1 
and 

In the method of producing a FPD protect inq^^fiTlm in 
accordance with Claim 8, after the film hp&v l^si is formed 
on the surface of the substrate 13,^>fefie film body 14a is not 
exposed to air before the fluoride layer 14b is formed on 
the surface of the film bcfoy 14a, thereby preventing or 
suppressing the pr9dtaction of carbonate (MgCOg, or the like.) 
and hydroxid^,x<llg ( OH ) 2 , or the like) of MgO, which are 
harmful>Cb the FPD, on the surface of the film body 14a. 

In accordance with Claim 9 of the present irwr^tion, 
the method according to Claim 7 comprises fcfrming a film 
body 14a on a substrate 13 in a vaciipfrT; burning the film 
body 14a in air after exposin^^-^ffie film body 14a to air to 
activate the film bodv>4^, and treating the surface of the 
film body 14a wi^r^ gaseous fluorinating agent to form a 
fluoride l^^r 14b on the surface of the film body 14a, as 
showij^n Figs . 1 and 2 . 

In the method of producing a< FPD protecting film in 
accordance with Claim 9, after the film body 14a is formed 
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on the surface of the substrate 13, the film body l^als 
exposed to air and burned in air to be activa^^rfl. Therefore, 
even when carbonate (MgCOa, or the like) ^^d hydroxide 
(Mg(OH)2, or the like) of MgO, which^re harmful to the FPD, 
are formed on the surface of th^^film body 14a, the 
carbonate (MgCOa, or the liM) and hydroxide (Mg{OH)2, or the 
like) of MgO are remo^md as CO2 and HjO by burning in air* 
In this sate, the fd!!uor ide layer 14b is formed on the 
surface of the/tilm body 14a to protect the surface of the 
film body L4a by the fluoride layer 14b, thereby preventing 
and suppressing the formation of carbonate (MgCOa, or the 
like^ and hydroxide (Mg(OH)2, or the like) of MgO. 

In accordance with Claim 10 of the present inv^Brtion, 
the method according to Claim 8 or 9fiM*ttrer comprises 
activating the film body J,4a--Before , during or after the 
substrate 13 on^jb^rfch the film body 14a and the fluoride 
layerJL415^ are formed is assembled into a panel, 

In the method of producing a FPD protecting film 
according to Claim 10, since the filn^^ody 14a is activated 
by burning after the fluoride lay^ 14b is formed on the 
surface of the film body 14a,y^ven when hydroxide (Mg{0H)2, 
or the like) of MgO or th^/like is formed a little on the 
film body 14a, the hydrdxide can be removed as HjO, thereby 
decreasing the rateyof recontamination of the film body 14a 
with atmosphericymoisture . 
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In accordance with Claim 11 of the present inven;bdron, a 
method of producing a FPD protecting film compri^s treating, 
with a gaseous fluorinating agent, the sur^^es of a powder 
of any one of MgO, CaO, SrO, BaO, alkalTi earth compound 
oxides, rare earth oxides, and con^found oxides of alkali 
earth oxides and rare earth oxides to coat fluoride layers 
on the powder surfaces of apy one of MgO, CaO, SrO, BaO, 
alkali earth compound OM^des, rare earth oxides, and 
compound oxides of alj^li earth oxides and rare earth 
oxides; mixing a b^der, a solvent and the fluoride layer- 
coated powder oy any one of MgO, CaO, SrO, BaO, alkali earth 
compound oxides , rare earth oxides , and compound oxides of 
alkali earth oxides and rare earth oxides to prepare paste 
or a disp^ersion for a film; and forming a film body 34a on 
the sir«ace of a substrate 13 by using the paste or 
dispersion for a film, as shown in Figs. 3 and 4. 

In the method of producing a FPD protecting..--f^lm 
according to Claim 11, since MgO or thejrilce in the film 
body 34a is little degenerated t^9.^1gC03, Mg{OH)2, etc. 
harmful to the function of>tfie FPD 10 (refer to Fig. 4), it 
is possible to shorteB<" the time of the subsequent degassing 
step for removi^B^ the MgCOg, Mg(OH)2, etc., or omitting the 
subsequenjx^egassing step, thereby decreasing the 
manu^^turing cost of the FPD 10. 

In the method according to ajiy_jc»e--of--ei:aIfns 7 to 11 of 
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the present invention, the film body 14a mpjcl^ of any one of 
MgO, CaO, SrO, BaO, alkali earth compcrtind oxides, rare earth 
oxides, and compound oxides of,..aikali earth oxides and rare 
earth oxides, or the pow^r^f any one of MgO, CaO, SrO, BaO, 
alkali earth compoumir^xides , rare earth oxides, and 
compound oxidesx<Jf alkali earth oxides and rare earth oxides 
is preferajj^ry surface-treated with the gaseous fluorinating 
agentAinder pressure of 1 to 760 Torr. 

In the method according to any one of Claa^ns,J7--'-tTrTri , 
as the gaseous fluorinating agent-,.^ny-"Sne of fluorine gas, 
hydrogen fluoride gas^^.-.-BF^'^ SbFg and SF^, particularly 
f luorine^,.gas""or hydrogen fluoride gas, is preferably used. 

In accordance with Claim 14, a powder of anvpaer"^? MgO, 
CaO, SrO, BaO, alkali earth compoundpxatdSsT rare earth 
oxides , and compound oxide3^-afalkali earth oxides and rare 
earth oxides is^^ooS^ed with a fluoride layer in order to 
form a^^Ff^D protecting film 34 according to Claim 2. 

In accordance with Claim 15, thethisltae&s^f the 
fluoride layer coa^te^...j(»--irRepowder according to Claim 14 is 
prefer^biy'^Tl to 1000 nm. 

In accordance with Claim 16,ythe paste for a film is 
prepared by mixing a binder, a/solvent, and the fluoride 
layer- coated powder of any y/emo of MgO, CaO, SrO, BaO, alkali 
earth compound oxides , r^re earth oxides , and compound 
oxides of alkali eartK oxides and rare earth oxides 
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according toClla^fn 14 or 15. 

In accordance with Claim 17, the digf^^rsion for a film 
is prepared by mixing a binder, ^.-^t^olvent , and the fluoride 
layer- coated powder of apy^^^e of MgO, CaO, SrO, BaO, alkali 
earth compound oxi^,e^ rare earth oxides , and compound 
oxides of alfeala earth oxides and rare earth oxides 
accordXirq to Claim 14 or 15. 

The use of the paste or dispergioa-rfSr a film 
containing the fluo^ider'Tayer- coated powder permits easy 
f ormatioir"^fa film body according to Claim 2 . 

In accordance with Claim 18 of the present 
FPD uses a protecting_fiJjn---aeeor'dTngto any one of Claims 1 

The FPD according to Claim 18 of the presgiiJfe-'ifivention 
permits a significant decrgas^---±TrTvumb of steps for 
manuf actu^Aftg^^TDT and manufacture at low cost. 

In accordance with Claim 19 of ther present invention, a 
method of producing a FPD protecting film comprises forming, 
on the surface of a substrate 13^ a protecting film 54 made 
of any one of alkali earth m^al oxides , alkali earth metal 
compound oxides , rare eart^ metal oxides , and compound 
oxides of alkali earth/metals and rare earth metals; 
treating the surf ac^ of the protecting film 54 with a 
gaseous f luorinajfeang agent to form a fluoride layer 55 on 
the surface or the protecting film 54; and then removing the 
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fluoride layer 55 af ter_XED--4rC'Trsassemble(i by using the 
substraJ:e----ar3Tas shown in Fig. 5. 

In the method of producing a FPD protecting fl/lm 
according to Claim 19, the protecting film 54 is/reacted 
directly with the gaseous fluorinating agent tb form the 
fluoride layer 55 on the surface of the proxecting film 54, 
thereby coating the surface of the protecting film 54 with 
the fluoride layer 55, Therefore, ev^ when the protecting 
film 54 is exposed to air for a lon^ time during the process 
for manufacturing the FPD 10, the protecting film 54 little 
reacts with CO2 gas and water yVapor in air. As a result, the 
protecting film 54 is little degenerated to a carbonate, a 
hydroxide, etc., of an alJcali earth metal oxide or the like, 
which have the probability of deteriorating the function of 
the FPD 10. On the/other hand, it is possible to prevent 
the occurrence o^r cracking in the fluoride layer 55 and 
separation thereof because of good matching between the 
fluoride layer 55 and the protecting film 54, thereby 
improvin<3 the degeneration protecting effect of the 
protecting film 54. 

The fluoride layer is preferably represented by MOxFy 
(wherein M is Mg, Ca, Sr, Ba, an alkali earth complex metal, 
a rare earth metal, or a complex metal of an alkali earth 
metal and a rare earth metal, 0 ^ X < 2, and 0 < Y s4 ) . The 
fluoride layer is preferably obtained by reaction of the 
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gaseous fluorinating agent with any one of alkali earth 
metal oxides, alkali earth metal compound oxides, rare earth 
metal oxides, and compound oxides of alkali earth metals and 
rare earth metals . 

Furthermore, as the gaseous fluorinating agent, any one 
of fluorine gas, hydrogen fluoride gas, BF3, SbFg and SF4, 
particularly fluorine gas or hydrogen fluoride gas, is 
preferably used. The thickness of the fluoride layer is 
preferably set in the range of 0.1 to 1000 nm. 

In accordance with Claim 24 of the present in3^jBfttl:on, 
the FPD protecting film 54 is prQdu€?etr''Ey this production 
method according^Jj[>--atiyone of Claims 19 to 23, as shown in 
Fig^^^5<-^"^^ 

In accordance with Claim 25 of the,.^pf^rg^ntinvention, 
FPD 10 uses the^prat^^tilTg''film 54 according to Claim 24, as 
showji.-iir'^^ig . 5(d). 

;iaim 24 or 

25, the fluoride layer 55 isp&mtJved after assembly of the 
FPD 10, thereby imp^JlTxng discharge characteristics of the 
FPD 1 




BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view showing a front substrate on 
which a protecting film in accordance with a first 
embodiment of the present invention is formed; 
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Fig. 2 Is a sectional view showing a principal portion 
of PDP in which the front substrate shown in Fig. 1 is 
incorporated ; 

Fig. 3 is a sectional view showing a front substrate on 
which a protecting film in accordance with a second 
embodiment of the present invention is formed; 

Fig. 4 is a sectional view showing a principal portion 
of PDP in which the front substrate shown in Fig, 3 is 
incorporated; 

Fig. 5 is a drawing showing the steps of a process for 
manufacturing PDP using a protecting film in accordance with 
a third embodiment of the present invention; 

Fig. 6 is a graph showing changes in the amount of 
contamination of a film body against the time with changes 
in the heat treatment temperature in Examples 301 to 303 and 
Comparative Example 301; 

Fig. 7 is a graph showing changes in the amount of 
contamination of a film body with changes in the heat 
treatment time in Examples 302, 304 and 305; and 

Fig. 8 is a graph showing changes in the amount of 
contamination of a film body against the time with 
fluorination in Examples 306 and 307. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

A first embodiment of the present invention will be 
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described with reference to the drawings . 

Examples of FPD of the present invention include PDP, 
PALC, and the like. This embodiment relates to PDP. 

As shown in Figs. 1 and 2, AC-type PDP 10 comprises a 
back glass substrate 11, and a front glass substrate 13 
which are combined with partition walls 12 formed at 
predetemined intervals therebetween. A film body 14a is 
formed on the side of the front glass substrate 13 having 
display electrodes 16 and a transparent dielectric layer 17, 
a fluoride layer 14b being formed on the surface of the film 
body 14a, which faces the back glass substrate 11. In the 
PDP 10 , many discharge cells 18 are compartmented by the 
back glass substrate 11, the front substrate 13, and the 
partition walls 12, and an address electrode 19 is formed on 
the back glass substrate 11 in each of the discharge cells 
18 so as to be opposed to the display electrodes 16. In 
each of the discharge cells 18, a fluorescent layer 21 is 
formed in a region ranging from the sides of the partition 
walls 12 to the upper surface of the back glass substrate 11, 
Furthermore, a discharge gas (not shown) is injected into 
each of the discharge cells 18. 

The above fluoride layer 14b is represented by MOxFy 
(wherein M is Mg, Ca, Sr, Ba, an alkali earth complex metal, 
a rare earth metal, or a complex metal of an alkali earth 
metal and a rare earth metal, 0 ^ X < 2, and 0 < Y ^4). For 
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example, the fluoride layer 14b comprises a MFj layer, a 
MO0.5F layer, a MO0.25F1.5 layer, a MF^ layer, a MOF2 layer, a MF3 
layer, a MOF layer, a MF2.66 layer or a MOFq layer, or the 
like* The fluoride layer 14b can be obtained by reaction of 
a gaseous fluorinating agent and any one of MgO, CaO, SrO, 
BaO, alkali earth compound oxides, rare earth oxides, and 
compound oxides of alkali earth oxides and rare earth oxides , 
which forms the film body 14a. As the gaseous fluorinating 
agent, any one of fluorine gas, hydrogen fluoride gas, BF3, 
SbFs and SF4, particularly, fluorine gas or hydrogen fluoride 
gas, is preferably used. The thickness of the fluoride 
layer 14b is determined by a balance between improvement in 
inhibition of reaction of MgO or the like and CO2 gas and H2O 
gas, and the time of reaction of MgO or the like and the 
gaseous fluorinating agent. The thickness of the fluoride 
layer 14b is preferably in the range of 0.1 to 1000 nm, more 
preferably 0.1 to 100 nm. The reason for limiting the 
thickness of the fluoride layer 14b in the range of 0.1 to 
1000 nm is that with a thickness of over 1000 nm, the time 
of reaction of MgO or the like and the gaseous fluorinating 
agent is increased to deteriorate workability. 

The method of producing the PDP protecting film 
constructed as described above will be described. 
[ 1 ] Formation of film body by evaporation 

First, as shown in Fig. 1, electrode paste for the 
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display electrodes 16 composed of Ag or Au is coated on the 
surface of the front glass substrate 13 at predetermined 
intervals by screen printing, dried, and then burned. Then, 
transparent glass paste for the transparent dielectric layer 
17 is coated over the entire surface of the front glass 
substrate 13 by screen printing, followed by drying. The 
front glass substrate 13 is dried by maintaining in air at 
100 to 200** C for 10 to 60 minutes, and then burned by 
maintaining in air at 500 to 600* C for 10 to 60 minutes. 

Next, sintered pellets of any one of MgO, CaO, SrO, BaO, 
alkali earth compound oxides , rare earth oxides , and 
compound oxides of alkali earth oxides and rare earth oxides, 
which have a purity of 99.5% or more, are deposited by 
evaporation such as electron beam evaporation or the like to 
cover the surface of the transparent dielectric layer 17 of 
the glass substrate 13, to form the film body 14a. 
Deposition conditions of the film body 14a preferably 
include an acceleration voltage of 5 to 30 kV, a deposition 
pressure of 0.1 x 10"^ to 10 x 10"^ Pa, and a deposition 
distance of 100 to 1000 nm. The front glass substrate 13 is 
further maintained in an atmosphere of a gaseous 
fluorinating agent (temperature 10 to 100* C) for 0.1 to 120 
minutes to modify the surface of the film body 14a, to form 
the fluoride layer 14b on the surface of the film body 14a. 
As the gaseous fluorinating agent, any one of fluorine gas. 
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hydrogen fluoride gas, BF3, SbFg and SF^, particularly, 
fluorine gas or hydrogen fluoride gas. Is preferably used. 
The pressure of the gaseous fluorinating agent Is preferably 
set in the range of 1 to 760 Torr, more preferably in the 
range of 10 to 300 Torr. The reason for limiting the 
pressure of the gaseous fluorinating agent in the range of 1 
to 760 Torr is that control of the extent of reaction, i.e., 
control of the thickness of the fluoride layer, is 
facilitated. 

[2] Formation of film body by sputtering 

First, a glass substrate with electrodes is produced by 
the same method as described above in [1], and then a film 
body is formed on the glass substrate by sputtering using a 
target composed of any one of MgO, CaO, SrO, BaO, alkali 
earth compound oxides , rare earth oxides , and compound 
oxides of alkali earth oxides and rare earth oxides , which 
have a purity of 99.5% or more, to cover the surface of the 
transparent dielectric layer. The deposition conditions of 
the film body preferably include a redio- frequency output of 
1 kW, a sputtering pressure of 0.50 to 3.0 Pa, an oxygen 
concentration of 5 to 50% based on argon gas, and a 
substrate temperature of 20 to 300** C. 

Then, the film body is maintained in an atmosphere of a 
gaseous fluorinating agent to modify the surface thereof by 
the same method as described above in [1], to form a 
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fluoride layer on the surface of the film body. 
[3] Formation of film body by screen printing 

A powder of any one of MgO, CaO, SrO, BaO, alkali earth 
compound oxides, rare earth oxide, and compound oxides of 
alkali earth oxides and rare earth oxides, which has an 
average particle size of 50 to 2000 A, is previously 
prepared. First, electrode paste for display electrodes 
composed of Ag or Au is coated on the surface of a front 
glass substrate at predetermined intervals by screen 
printing, dried, and then burned. Then, transparent glass 
paste for a transparent dielectric layer is coated over the 
entire surface of the front glass substrate by screen 
printing, followed by drying. Then, the powder of any one 
of MgO, CaO, SrO, BaO, alkali earth compound oxides, rare 
earth oxides , and compound oxides of alkali earth oxides and 
rare earth oxides, which constitutes a film body, a binder, 
and a solvent are mixed at predetermined ratios to prepare 
paste for a film. The thus -prepared paste is coated over 
the entire surface of the transparent dielectric layer by 
screen printing, and dried. 

As the binder, alkoxide of an alkali earth metal or 
rare earth metal, an organic acid compound, acetylacetonate 
(for example, organic acid magnesium, magnesium alkoxide, or 
magnesium acetylacetonate), ethyl cellulose, or ethyl 
silicate can be used. As the solvent, a-terpineol, butyl 
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carbltol, butyl carbitol acetate, turpentine oil, or the 
like can be used. The mixing ratios of the powder of any 
one of MgO, CaO, SrO, BaO, alkali earth compound oxides, 
rare earth oxides , and compound oxides of alkali earth 
oxides and rare earth oxides, the binder, and the solvent 
are preferably set to 0 to 10% by weight, 10 to 100% by 
weight, and 0 to 30% by weight, respectively. 

The front glass substrate is dried by maintaining in 
air at 100 to 200** C for 10 to 60 minutes, and then burned by 
maintaining in air at 500 to 600* C for 10 to 60 minutes. 
The front glass substrate is further maintained in an 
atmosphere of a gaseous fluorinating agent in the same 
manner as described above in [1] to modify the surface of 
the film body, to form a fluoride layer on the surface of 
the film body. 

[4] Formation of film body by spin coating 

Electrode paste and dielectric layer paste are coated o 
the surface of a front glass, dried and then burned by the 
same method as described above in [3]. Then, a powder of 
any one of MgO, CaO, SrO, BaO, alkali earth compound oxides, 
rare earth oxides , and compound oxides of alkali earth 
oxides and rare earth oxides, which constitutes the film 
body, a binder, and a solvent are mixed at predetearmined 
ratios to prepare a dispersion for a film. The thus- 
prepared dispersion is deposited over the entire surface of 
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the transparent dielectric layer by spin coating, and dried. 
As the binder, alkoxide of an alkali earth metal or rare 
earth metal, an organic acid compound, acetylacetonate (for 
example, magnesium alkoxide, organic acid magnesium, or 
magnesium acetylacetonate), ethyl silicate, or the like can 
be used. As the solvent, an alcohol, cellosolve, or the 
like can be used. The mixing ratios of the powder of any 
one of MgO, CaO, SrO, BaO, alkali earth compound oxides, 
rare earth oxides , and compound oxides of alkali earth 
oxides and rare earth oxides, the binder, and the solvent 
are preferably set to 0 to 40% by weight, 0.1 to 10% by 
weight, and 55 to 99.9% by weight, respectively. The front 
glass substrate is dried by maintaining in air at 40 to 
100** C for 5 to 60 minutes, and then burned by maintaining in 
air at 500 to 600* C for 10 to 60 minutes. The front glass 
substrate is further maintained in an atmosphere of a 
gaseous fluorinating agent in the same manner as described 
above in [1] to modify the surface of the film body, to foirm 
a fluoride layer on the surface of the film body. 

Since the PDP protecting film produced by the above- 
described method comprises the film body 14a having the 
surface coated with the fluoride layer 14b, MgO or the like 
in the film body 14a little reacts with CO^ gas and H2O gas 
in air even when the protecting film 14 is exposed to air 
for a long time during the process for manufacturing the PDP 



10. As a result, MgO or the like in the film body 14a is 
little degenerated to MgCOg, Mg(0H)2, etc. which have the 
probability of deteriorating the function of the PDP 10, 
thereby improving the environment resistance of the film 
body 14a. 

Furthermore, MgO or the like in the film body 14a is 
little degenerated to MgCOj and Mg(OH)2, thereby shortening 
the time of the subsequent degassing step for removing MgCOj 
and Mg(OH)2 or omitting the subsequent degassing step to 
decrease the manufacturing cost of the PDP 10. 

Since the film body 14a having substantially the same 
thermal expansion coefficient as the dielectric layer 17 of 
the protecting film 14 is bonded to the transparent 
dielectric layer 17, the protecting film 14 is not separated 
from the transparent dielectric layer 17 due to a thermal 
cycle, thereby significantly improving adhesion and matching 
to the dielectric layer 17 of the protecting film 14. 

In the process for forming the protecting film 14 
described above in [1] and [2], the following processing [a] 
or [b] is preferably carried out. 

[a] The film body 14a is formed on the surface of the 
glass substrate 13 in a vacuum, and the surface of the film 
body 14a is treated with the gaseous fluorinating agent in a 
vacuum or an inert gas atmosphere without exposure to air to 
form the fluoride layer 14b on the surface of the film body 
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14a. The inert gas atmosphere is preferably an atmosphere 
of argon gas or Nj gas, and preferably has a purity of 4N 
(99.99%), and a dew point of -65° C or less, and CO2 and CO 
concentrations of 5.0 ppm by volume or less. 

Such treatment can prevent or suppress the formation of 
carbonate (MgCOg or the like) and hydroxide (Mg{0H)2 or the 
like) of MgO or the like, which are harmful to FPD, on the 
surface of the film body 14a because the film body 14a is 
not exposed to air before the fluoride layer 14b is formed 
on the surface of the film body 14a formed on the surface of 
the substrate 13 . 

[b] The film body 14a is formed on the surface of the 
substrate 13 in a vacuum, and burned in air to be activated 
after it is exposed to air, and the surface thereof is 
further treated with the gaseous fluorinating agent to form 
the fluoride layer 14b on the surface of the film body 14a. 
The burning temperature of the film body 14a in air is 250 
to 550° C, preferably 350 to 450° C, and the burning time is 
0.1 to 24 hours, preferably 0.2 to 1 hour. The film body 
14a is activated by burning at a temperature for a time in 
the above ranges. The air has an atmospheric pressure of 
0.1 atm ^ P^. ^ 5.0 atm (preferably 1.0 atm) , and the 
following N^, O2, HjO and CO^ contents V^z. V02, ^hzo' ^coz^ 

65% by volxime ^ Vn2 ^ 5.0% by volume (preferably 78.1% 
by volume) 
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10% by volume ^ V02 ^ 30% by volume (preferably 21,0% by 
volume ) 

0% by volume ^ Vh2o ^ 5 % by volume (preferably 2.5% by 
volume) 

0% by volume ^ V^o^ ^ 0.1% by volume (preferably 0.03% by 
volume) 

However, z is 1 or 2, and air sometimes contains 0.1% 
by volume or less of other impurity gases (hydrocarbon and 
the like) . 

In such treatment, the film body 14a is burned in air 
to be activated, and even when carbonate (MgCOa or the like) 
and hydroxide {Mg(OH)2 or the like) of MgO or the like, which 
are harmful to FPD, are formed on the surface of the film 
body 14a, the carbonate (MgCOa or the like) and hydroxide 
(Mg(OH)2 or the like) of MgO or the like on the surface of 
the film body 14a are removed as CO2 and H2O. In this state, 
the fluoride layer 14b is formed on the surface of the film 
body 14a to protect the surface of the film body 14a by the 
fluoride layer 14b, thereby preventing or suppressing the 
formation of the carbonate (MgCOg or the like) and hydroxide 
(Mg(OH)2 or the like) of MgO or the like. 

In the above processing [a] and [b], burning is 
preferably carried out in air to activate the film body 14a 
before, during or after assembly of a panel using the 
substrate 13 on the surface of which the film body 14a and 
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the fluoride layer 14b are formed. The burning temperature 
and air for burning in air are the same as described above 
in [b]. 

Since the film body 14a is activated by this burning, 
even when hydroxide (Mg{0H)2 or the like) of MgO or the like 
are formed a little on the film body 14a, the hydroxide 
(Mg(OH)2 or the like) is removed as H2O, decreasing the rate 
of recontamination of the film body 14a with atmospheric 
moisture. 

Figs . 3 and 4 show a second embodiment of the present 
invention. In Figs, 3 and 4, the same reference numerals as 
in Figs. 1 and 2 denote the same components. 

In this embodiment, a film body 34a constituting a 
protecting film 34 is formed on the surface of the front 
glass substrate 13 with the display electrodes 16 and the 
transparent dielectric layer 17 formed therebetween. The 
film body 34a is formed by using a fluoride layer-coated 
powder of any one of MgO, CaO, SrO, BaO, alkali earth 
compound oxides , rare earth oxides , and compound oxides of 
alkali earth oxides and rare earth oxides . Like in the 
first embodiment, the fluoride layer is represented by MOxFy 
(M is Mg, Ca, Sr, Ba, an alkali earth complex metal, a rare 
earth metal, or a complex metal of an alkali earth metal and 
a rare earth metal , 0 ^ X < 2 , and 0 < Y ^4 . ) For example , 
the fluoride layer comprises a MFj layer, a MOq 5F layer, a 
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MOq 25^1.5 layer, a MF^ layer, a MOF^ layer, a MF3 layer, a MOF 
layer, a MF2.66 layer or a MOFq layer, or the like. The 
fluoride layer 14b can be obtained by reaction of a gaseous 
fluorinating agent with MgO, or the like. As the gaseous 
fluorinating agent, any one of fluorine gas, hydrogen 
fluoride gas, BF3, SbFg and SF4, particularly, fluorine gas 
or hydrogen fluoride gas, is preferably used. The thickness 
of the fluoride layer is determined by a balance between 
improvement in inhibition of reaction of MgO or the like and 
CO2 gas and HjO gas, and the time of reaction of MgO or the 
like and the gaseous fluorinating agent. The thickness of 
the fluoride layer 14b is preferably in the range of 0.1 to 
1000 nm, more preferably 0.1 to 100 nm. The reason for 
limiting the thickness of the fluoride layer in the range of 
0.1 to 1000 nm is that with a thickness of over 1000 nm, the 
time of reaction of MgO or the like and the gaseous 
fluorinating agent is increased to deteriorate workability. 
The other construction is the same as the first embodiment. 

The method of producing the PDP protecting film having 
the above construction will be described. 
[1] Formation of film body by screen printing 

First, a powder of any one of MgO, CaO, SrO, BaO, 
alkali earth compound oxides , rare earth oxides , and 
compound oxides of alkali earth oxides and rare earth oxides , 
which has an average particle size of 50 to 2000 A, is 
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prepared • Next, the MgO powder or the like is maintained in 
an atmosphere of a gaseous fluorinating agent (temperature 
10 to 100*0 for 0.1 to 120 minutes to modify the surfaces 
of the MgO powder or the like, to form fluoride layers on 
the surfaces of the MgO powder or the like. As the gaseous 
fluorinating agent, any one of fluorine gas, hydrogen 
fluoride gas, BF3, SbFs and SF^, particularly, fluorine gas 
or hydrogen fluoride gas, is preferably used. The pressure 
of the gaseous fluorinating agent is preferably set in the 
range of 1 to 760 Torr, more preferably 10 to 300 Torr. The 
reason for limiting the pressure of the gaseous fluorinating 
agent in the range of 1 to 760 Torr is that control of the 
extent of reaction, i.e., the thickness of the fluoride 
layer, is facilitated. 

Next, as shown in Fig. 3, electrode paste for the 
display electrodes 16 composed of Ag or Au is coated on the 
surface of the front glass substrate 13 at predetermined 
intervals by screen printing, dried, and then burned. Then, 
transparent glass paste for the transparent dielectric layer 
17 is coated over the entire surface of the front glass 
substrate 13 by screen printing, followed by drying. Then, 
the MgO powder or the like (having the surfaces coated with 
the fluoride layers), which constitutes the film body 34a, a 
binder, and a solvent are mixed at predetermined ratios to 
prepare paste for a film. The thus -prepared paste is coated 
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over the entire surface of the transparent dielectric layer 
17 by screen printing, and dried. As the binder, alkoxide 
of an alkali earth metal or rare earth metal, an organic 
acid compound, acetylacetonate (for example, organic acid 
magnesium, magnesium alkoxide, or magnesium acetylacetonate) 
ethyl cellulose, or ethyl silicate can be used. As the 
solvent, a-terpineol, butyl carbitol, butyl carbitol acetate 
turpentine oil, or the like can be used. The mixing ratios 
of the MgO powder or the like, the binder, and the solvent 
are preferably set to 0.1 to 10% by weight, 10 to 99.9% by 
weight, and 0 to 30% by weight, respectively. Furthermore, 
the front glass substrate 13 is dried by maintaining in air 
at 100 to 200** C for 10 to 60 minutes, and then burned by 
maintaining in air at 500 to 600" C for 10 to 60 minutes in 
air. 

[2] Formation of film body by spin coating 

First, the surfaces of a powder of any one of MgO, CaO, 
SrO, BaO, alkali earth compound oxides, rare earth oxides, 
and compound oxides of alkali earth oxides and rare earth 
oxides are coated with fluoride layers in the same manner as 
described above in [1]. Next, electrode paste and 
dielectric layer paste are coated on the surface of the 
front glass substrate, dried and burned. Then, the MgO 
powder or the like (having the surfaces coated with the 
fluoride layers), which constitutes the film body, a binder. 



and a solvent are mixed at predetermined ratios to prepare a 
dispersion for a film. The thus -prepared dispersion is 
coated over the entire surface of the transparent dielectric 
layer by spin coating, and dried. As the binder, alkoxide 
of an alkali earth metal or rare earth metal, an organic 
acid compound, acetylacetonate (for example, magnesium 
alkoxide, organic acid magnesium, magnesium acetylacetonate, 
magnesium trif luoroacetate , magnesixim 
trif luoroacetylacetonate, or magnesium 

hexaf luoroacetylacetonate) , ethyl silicate, or the like can 
be used. As the solvent, an alcohol, cellosolve, or the 
like can be used. The mixing ratios of the MgO powder or 
the like, the binder, and the solvent are preferably set to 
1 to 40% by weight, 0.1 to 10% by weight, and 55 to 98.9% by 
weight, respectively. Furthermore, the front glass 
substrate is dried by maintaining in air at 40 to 100* C for 
5 to 60 minutes, and then burned by maintaining in air at 
500 to 600* C for 10 to 60 minutes. 

Since the PDP protecting film produced by the above - 
described method comprises the film body 34a composed of the 
MgO powder or the like, the surfaces of which are coated 
with the fluoride layers, MgO or the like in the film body 
34a little reacts with CO2 gas and HjO gas in air even when 
the film body 34a is exposed to air for a long time during 
the process for manufacturing the PDP 10. As a result, the 



- 34 - 



MgO powder or the like in the film body 34a is little 
degenerated to MgCOa, Mg(OH)2, etc. which have the 
probability of deteriorating the function of the PDP 10, 
thereby improving the environment resistance of the film 
body 34a. 

Furthermore, the MgO powder or the like in the film 
body 34a is little degenerated to MgCOg and Mg{OH)2, thereby 
shortening the time of the subsequent degassing step for 
removing MgCOg and Mg{OH)2 or omitting the subsequent 
degassing step to decrease the manufacturing cost of the PDP 
10. 

Furthermore, the fluoride layers coated on the surfaces 
of the MgO powder or the like are very thin, and thus the 
MgO powder or the like has substantially the same mechanical 
properties as a MgO powder or the like without the fluoride 
layer . 

Fig. 5 shows a third embodiment of the present 
invention. In Fig. 5, the same reference numerals as Figs. 
1 and 2 denote the same components . 

In this embodiment, a protecting film 54 is composed of 
an alkali earth metal oxide, an alkali earth metal compound 
oxide, a rare earth metal oxide, or a compound oxide of an 
alkali earth metal and rare earth metal. Examples of alkali 
earth metal oxides include MgO, CaO, SrO, and BaO; and 
examples of alkali earth metal compound oxides include (Ca, 



Sr)0, (Mg, Sr)0, and (Sr, Ba)0. Examples of rare earth 
metal oxides include Y2O3, GdjOa, Dy203, yb203, Nd203, HO2O3, 
Er203, LajOj, SC2O3, CeOj, Fr^O^^^, Sm^O^, EU2O3, Tb407, Tm203, and 
LU2O3. Examples of compound oxides of alkali earth metals 
and rare earth metals include MRejO^ (M is an alkali earth 
metal such as Mg, Ca, Sr or Ba, and Re is a rare earth metal 
such as Gd, Y or La) , alkali earth metal oxide mixtures 
containing several molar % of rare earth metal compound 
[MO:Re203 (for example, MgO:La203, MgO:Sc203, MgO:Y203, and the 
like)], and the like. 

A fluoride layer 55 is formed on the surface of the 
protecting film 54. The fluoride layer 55 is removed after 
PDP is assembled by using the protecting film 54 on which 
the fluoride layer 55 is formed. The fluoride layer 55 is 
represented by MOxFy (wherein M is an alkali earth metal, an 
alkali earth complex metal, a rare earth metal, or a complex 
metal of an alkali earth metal and a rare earth metal, 0 ^ X 
< 2 , and 0 < Y ^4 ) . Examples of alkali earth metals include 
Mg, Ca, Sr, and Ba; and examples of alkali earth complex 
metals include (Ca, Sr) , (Mg, Sr) , and (Sr, Ba) . Examples 
of rare earth metals include Y, Gd, Dy, Yb, Nd, Ho, Er, La, 
Sc, Ce, Pr, Sm, Eu, Tb, Tm, and Lu. Examples of compounds 
of alkali earth metals and rare earth metals include MRe (M 
is an alkali earth metal such as Mg, Ca, Sr or Ba, and Re is 
a rare earth metal such as Gd, Y or La) , alkali earth metal 
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mixtures containing several molar % of rare earth metal 

[MO: Re (for exeunple, Mg:La, Mg:Sc, Mg:Y, and the like)], and 

the like . 

Examples of the fluoride layer include a MFj layer, a MO0.5F 
layer, a MOo.zsFi ^ layer, a MF^ layer, a MOF2 layer, a MF3 
layer, a MOF layer, a MFj.ee layer and a MOFq layer. The 
fluoride layer 55 can be obtained by reaction of a gaseous 
fluorinating agent and MgO which forms the protecting film 
34. As the gaseous fluorinating agent, any one of fluorine 
gas, hydrogen fluoride gas, BF3, SbFg and SF4, particularly, 
fluorine gas or hydrogen fluoride gas, is preferably used 
from the viewpoint of the degree of reactivity and 
versatility of the gaseous fluorinating agent. The 
thickness of the fluoride layer 55 is determined by a 
balance between improvement in inhibition of reaction of a 
alkali earth metal oxide or the like and CO2 gas and water 
vapor, and the time of reaction of an alkali earth metal 
oxide or the like and the gaseous fluorinating agent. The 
thickness of the fluoride layer 55 is preferably in the 
range of 0.1 to 1000 nm, more preferably 0.1 to 100 nm. The 
reason for limiting the thickness of the fluoride layer 55 
in the range of 0.1 to 1000 nm is that with a thickness of 
over 1000 nm, the time of reaction of a alkali earth metal 
oxide or the like and the gaseous fluorinating agent is 
increased to deteriorate workability. 



The method of producing the PDP protecting film 
constructed as described above will be described. 
[1] Formation of protecting film by evaporation 

First, as shown in Fig. 5(a), electrode paste for the 
display electrodes 16 composed of Ag or Au is coated on the 
surface of the front glass substrate 13 at predetermined 
intervals by screen printing, dried, and then burned. Then, 
transparent glass paste for the transparent dielectric layer 
17 is coated over the entire surface of the front glass 
substrate 13 by screen printing, followed by drying. The 
front glass substrate 13 is dried by maintaining in air at 
100 to 200* C for 10 to 60 minutes, and then burned by 
maintaining in air at 500 to 600* C for 10 to 60 minutes. 

Next, sintered pellets of an alkali >^arth metal oxide 
or the like (for example, MgO) , which jafas a purity of 99.5% 
or more, are deposited by vaporization such as electron beam 
evaporation or the like to cover the surface of the 
transparent dielectric layer 17yof the glass substrate 13, 
to form the protecting film 5/i (Fig. 5(a)). Deposition 
conditions of the protecting film 54 preferably include an 
acceleration voltage of s/to 30 kV, a deposition pressure of 
0.1 X 10"^ to 10 X 10"^ Pa, and a deposition distance of 100 
to 1000 nm. The fron^ glass substrate 13 is further 
^ maintained in an atmosphere of a gaseous f luorinating agent 
(temperature 10 to 100* C) for 0.1 to 120 minutes to modify 
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the surface of the protecting film 54, to form^^le fluoride 
layer 55 on the surface of the protectina^'^lm 54 (Fig. 5(b), 
The pressure of the gaseous f luorij^a^ing agent is preferably 
set in the range of 1 to 760,^6rr, more preferably in the 
range of 10 to 300 ^on^.^^ The reason for limiting the 
pressure of the oart^ous f luorinating agent in the range of 1 
to 760 Torr^is that control of the extent of reaction, i.e., 
controlx^ the thickness of the fluoride layer, is 
f apd^litated. 

After the glass substrate 13 is incorporated in the 
PDP 10 (Fig. 5(c)), and a removal discharge gas is injected 
in each of the cells 18 of the PDP 10, a predetermined 
voltage is applied between the display electrodes 16 to 
start surface discharge so that the fluoride layer 55 is 
removed by etching due to the discharge (Fig. 5(d)). 
Furthermore, the removal discharge gas is exhausted from 
each of the cells 18, and then a display discharge gas is 
sealed in each of the cells 18. The fluoride layer 55 is 
preferably removed by plasma etching using a fluorine - 
containing gas such as CFg, SFg, or the like as the removal 
discharge gas. After removal processing of the fluoride 
layer 55, in some cases, the fluoride layer 55 having 
substantially the same area as the upper sides of the 
partition walls partially remains between the partition 
walls and the protecting film (Fig. 5(d)). 
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[2] Formation of protecting film by sputtering 

First, a glass substrate with electrodes is produced by 
the same method as described above in [ 1 ] , and then a 
protecting film is formed on the glass substrate by 
sputtering using a MgO target having a 5 -inch size and a 
purity of 99.5% or more to cover the surface of the 
transparent dielectric layer. The deposition conditions of 
the protecting film preferably include a radio -frequency 
output of 1 kW, a sputtering pressure of 0.50 to 3.0 Pa, an 
oxygen concentration of 5 to 50% based on argon gas, and a 
substrate temperature of 20 to 300' C. 

Then, the protecting film is maintained in an 
atmosphere of the gaseous fluorinating agent to modify the 
surface thereof by the same method as described above in [1], 
to form a fluoride layer on the surface of the protecting 
film. Furthermore, after the glass substrate is 
incorporated in PDP, the fluoride layer is removed. 
[3] Formation of protecting film by screen printing 

A powder of an alkali earth metal oxide or the like 
(for example, MgO), which has an average particle size of 50 
to 2000 A, is previously prepared by a vapor phase or liquid 
synthetic method. First, electrode paste for the display 
electrodes composed of Ag or Au is coated on the surface of 
the front glass substrate at predetermined intervals by 
screen printing, dried, and then burned. Then, transparent 
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glass paste for the transparent dielectric layer is coated 
over the entire surface of the front glass substrate by 
screen printing, followed by drying. Then, the powder which 
constitutes the protecting film, a binder, and a solvent are 
mixed at predetermined ratios to prepare paste. The thus- 
prepared paste is coated over the entire surface of the 
transparent dielectric layer by screen printing, and dried. 

As the binder, organic acid magnesium, magnesium 
alkoxide, or magnesium acetylacetonate, ethyl cellulose, or 
ethyl silicate can be used. As the solvent, a-terpineol, 
butyl carbitol, butyl carbitol acetate, turpentine oil, or 
the like can be used. The mixing ratios of the powder, the 
binder, and the solvent are preferably set to 0 to 10% by 
weight, 10 to 100% by weight, and 0 to 30% by weight, 
respectively . 

The front glass substrate is dried by maintaining in 
air at 100 to 200* C for 10 to 60 minutes, and then burned by 
maintaining in air at 500 to 600** C for 10 to 60 minutes. 
The front glass substrate is further maintained in an 
atmosphere of a gaseous fluorinating agent in the same 
manner as described above in [1] to modify the surface of 
the protecting film, to form a fluoride layer on the surface 
of the protecting film. After the glass substrate is 
incorporated in PDP, the fluoride layer is removed. 
[4] Formation of protecting film by spin coating 



Electrode paste and dielectric layer are coated on the 
surface of the front glass , dried and then burned by the 
same method as described above in [3]. Then, a powder of an 
alkali earth metal oxide or the like (for example, MgO) , 
which constitutes the protecting film, a binder, and a 
solvent are mixed at predetermined ratios to prepare a 
dispersion. The thus -prepared dispersion is deposited over 
the entire surface of the transparent dielectric layer by 
spin coating, and dried. As the binder, magnesium alkoxide, 
an organic acid compound, acetylacetonate , ethyl silicate, 
or the like can be used. As the solvent, an alcohol, 
cellosolve, or the like can be used. The mixing ratios of 
the MgO powder, the binder, and the solvent are preferably 
set to 0 to 40% by weight, 0.1 to 10% by weight, and 55 to 
99.9% by weight, respectively. The front glass substrate is 
dried by maintaining in air at 40 to 100** C for 5 to 60 
minutes, and then burned by maintaining in air at 500 to 
600** C for 10 to 60 minutes. The front glass substrate is 
further maintained in an atmosphere of a gaseous 
fluorinating agent in the same manner as described above in 
[1] to modify the surface of the protecting film, to form a 
fluoride layer on the surface of the protecting film. After 
the glass substrate is incorporated in PDP, the fluoride 
layer is removed. 

Since the PDP protecting film produced by the above- 



described method has the surface coated with the fluoride 
layer 55, the protecting film 54 little reacts with CO2 gas 
and H2O gas in air even when the protecting film 54 is 
exposed to air for a long time during the process for 
manufacturing the PDP 10. As a result, the protecting film 
54 is little degenerated to MgCOa, Mg(OH)2, etc. which have 
the probability of deteriorating the function of the PDP 10, 
thereby improving the environment resistance of the 
protecting film 54. 

In addition, since the fluoride layer 55 is formed by 
direct reaction between the protecting film 54 and the 
gaseous fluorinating agent, the fluoride layer 55 and the 
protecting film 54 have good matching therebetween. 
Therefore, it is possible to prevent the occurrence of 
cracking in the fluoride layer 55, and separation of the 
fluoride layer 55, and improve the degeneration protecting 
effect of the protecting film 54. 

Furthermore, since the fluoride layer 55 is removed 
after the glass substrate 13 produced by the above -described 
method is incorporated in the PDP 10, discharge 
characteristics of the PDP 10 can be improved. 

Although the first to third embodiments relate to PDP 
as FPD, PALC or the like may be used as long as a protecting 
film is formed on the surface of a front glass substrate. 

Examples and comparative examples of the present 
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invention will be described in detail below. 

Example 1 

First, display electrodes (thickness of 5 \xm) made of 
Ag were formed on a front glass substrate having a thickness 
of 3 mm by screen printing, and then a transparent 
dielectric layer (thickness of 20 \xia) made of glass was 
formed thereon by screen printing, as shown in Fig, 1. Next, 
the glass substrate was dried by maintaining in air at ISC'* C 
for 30 minutes, and then burned by maintaining in air at 
SSC'C for 30 minutes. 

Next, using MgO sintered pellets having a purity of 
99.8%, MgO films were deposited by electron beam evaporation 
to cover the surface of the transparent dielectric layer of 
the glass substrate to form a film body. The deposition 
conditions for the film body included an acceleration 
voltage of 15 kV, a deposition pressure of 1 x 10"^ Pa, a 
deposition distance of 600 mm. The glass substrate was 
further maintained in a Fj gas atmosphere (temperature 25** C) 
at pressure of 152 Torr for 10 minutes to modify the surface 
of the film body, to form the fluoride layer on the surface 
of the film body. The thus -formed glass substrate was 
referred to as "Example 1". 

Example 2 

A film body was formed on the surface of a glass 
substrate by electron beam evaporation in the same manner as 



Example 1, and then the glass substrate was maintained in a 
F2 gas atmosphere (temperature 25* C) at pressure of 72 Torr 
for 10 minutes to modify the surface of the film body, to 
form a fluoride layer on the surface of the film body. The 
thus-formed glass substrate was referred to as "Example 2". 

Example 3 

A film body was formed on the surface of a glass 
substrate by electron beam evaporation in the same manner as 
Example 1, and then the glass substrate was maintained in a 
F2 gas atmosphere (temperature 25* C) at pressure of 38 Torr 
for 1 minute to modify the surface of the film body, to form 
a fluoride layer on the surface of the film body. The thus- 
formed glass substrate was referred to as "Example 3". 

Example 4 

A film body was formed on the surface of a glass 
substrate by electron beam evaporation in the same manner as 
Example 1, and then the glass substrate was maintained in a 
F2 gas atmosphere (temperature 25* C) at pressure of 38 Torr 
for 10 minutes to modify the surface of the film body, to 
form a fluoride layer on the surface of the film body. The 
thus-formed glass substrate was referred to as "Example 4". 

Example 5 

A film body was formed on the surface of a glass 
substrate by electron beam evaporation in the same manner as 
Example 1, and then the glass substrate was maintained in a 



F2 gas atmosphere (temperature 25"" C) at pressure of 38 Torr 
for 60 minutes to modify the surface of the film body, to 
form a fluoride layer on the surface of the film body* The 
thus-formed glass substrate was referred to as "Example 5". 

Example 6 

A film body was formed on the surface of a glass 
substrate by electron beam evaporation in the same manner as 
Example 1, and then the glass substrate was maintained in a 
F2 gas atmosphere (temperature 25*' C) at pressure of 7.6 Torr 
for 10 minutes to modify the surface of the film body, to 
form a fluoride layer on the surface of the film body. The 
thus-formed glass substrate was referred to as "Example 6". 

Example 7 

A film body was formed on the surface of a glass 
substrate by electron beam evaporation by the same manner as 
Example 1, and then the glass substrate was maintained in an 
atmosphere (temperature 25** C) a gas mixture containing gas 
at partial pressure of 7.6 Torr and N2 gas at partial 
pressure of 752 Torr for 10 minutes to modify the surface of 
the film body, to form a fluoride layer on the surface of 
the film body. The thus-formed glass substrate was referred 
to as "Example 7". 

Example 8 

A film body was formed on the surface of a glass 
substrate by electron beam evaporation in the same manner as 



Example 1, and then the glass substrate was maintained in a 
F2 gas atmosphere (temperature 100** C) at pressure of 7.6 Torr 
for 10 minutes to modify the surface of the film body, to 
form a fluoride layer on the surface of the film body. The 
thus-formed glass substrate was referred to as "Example 8". 

Example 9 

A film body was formed on the surface of a glass 
substrate by electron beam evaporation in the same manner as 
Example 1, and then the glass substrate was maintained in a 
HF gas atmosphere (temperature 25** C) at pressure of 38 Torr 
for 1 minute to modify the surface of the film body, to form 
a fluoride layer on the surface of the film body. The thus- 
formed glass substrate was referred to as "Example 9". 

Example 10 

A film body was formed on the surface of a glass 
substrate by electron beam evaporation in the same manner as 
Example 1 , and then the glass substrate was maintained in an 
atmosphere (temperature 25* C) of a gas mixture containing HF 
gas at partial pressure of 7.6 Torr and gas at partial 
pressure of 752 Torr for 10 minutes to modify the surface of 
the film body, to form a fluoride layer on the surface of 
the film body. The thus-formed glass substrate was referred 
to as "Example 10". 

Example 11 

A film body was formed on the surface of a glass 
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substrate by electron beam evaporation in the same manner as 
Example 1, and then the glass substrate was maintained in a 
BF3 gas atmosphere (temperature 25** C) at pressure of 7.6 Torr 
for 10 minutes to modify the surface of the film body, to 
form a fluoride layer on the surface of the film body. The 
thus-formed glass substrate was referred to as "Example 11". 

Excimple 12 

A film body was formed on the surface of a glass 
substrate by electron beam evaporation in the same manner as 
Example 1, and then the glass substrate was maintained in a 
SbFs gas atmosphere (temperature 25** C) at pressure of 7.6 
Torr for 10 minutes to modify the surface of the film body, 
to form a fluoride layer on the surface of the film body. 
The thus-formed glass substrate was referred to as "Example 
12" . 

Example 13 

A film body was formed on the surface of a glass 
substrate by electron beam evaporation in the same manner as 
Example 1, and then the glass substrate was maintained in a 
SF4 gas atmosphere (temperature 25* C) at pressure of 7.6 Torr 
for 10 minutes to modify the surface of the film body, to 
form a fluoride layer on the surface of the film body. The 
thus-formed glass substrate was referred to as "Example 13". 

Example 14 

A glass substrate with electrodes was formed by the 
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same method as Example 1, and then a transparent dielectric 
film was coated on the glass substrate by sputtering using 
5-inch size MgO target having a purity of 99.99% (4N) to 
form a film body. The deposition conditions for the film 
body preferably included a radio -frequency output of 1 kW, 
sputtering pressure of 1.33 Pa, an oxygen concentration of 
10% relative to argon gas, and a substrate temperature of 
150" C. 

The glass substrate was maintained in a gas 
atmosphere by the scime method as Example 1 to modify the 
surface of the film body, to form a fluoride layer on the 
surface of the film body. The thus-formed glass substrate 
was referred to as "Example 14". 

Example 15 

A film body was formed on the surface of a glass 
substrate by sputtering in the same manner as Example 14, 
and then the glass substrate was maintained in a F2 gas 
atmosphere (temperature 25*^0 at pressure of 72 Torr for 10 
minutes to modify the surface of the film body, to form a 
fluoride layer on the surface of the film body. The thus- 
formed glass substrate was referred to as "Example 15". 

Example 16 

A film body was formed on the surface of a glass 
substrate by sputtering in the same manner as Example 14, 
and then the glass substrate was maintained in a gas 
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atmosphere (temperature 25* C) at pressure of 38 Torr for 1 
minute to modify the surface of the film body, to form a 
fluoride layer on the surface of the film body. The thus- 
formed glass substrate was referred to as "Example 16". 

Example 17 

A film body was formed on the surface of a glass 
substrate by sputtering in the same manner as Example 14, 
and then the glass substrate was maintained in a gas 
atmosphere (temperature 25* C) at pressure of 38 Torr for 10 
minutes to modify the surface of the film body, to form a 
fluoride layer on the surface of the film body. The thus- 
formed glass substrate was referred to as "Example 17". 

Example 18 

A film body was formed on the surface of a glass 
substrate by sputtering in the same manner as Example 14, 
and then the glass substrate was maintained in a F2 gas 
atmosphere (temperature 25* C) at pressure of 38 Torr for 60 
minutes to modify the surface of the film body, to form a 
fluoride layer on the surface of the film body. The thus- 
formed glass substrate was referred to as "Example 18". 

Example 19 

A film body was formed on the surface of a glass 
substrate by sputtering in the same manner as Example 14, 
and then the glass substrate was maintained in a gas 
atmosphere (temperature 25* C) at pressure of 7.6 Torr for 10 
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minutes to modify the surface of the film body, to form a 
fluoride layer on the surface of the film body. The thus- 
formed glass substrate was referred to as "Example 19". 

Example 20 

A film body was formed on the surface of a glass 
substrate by sputtering in the same manner as Example 14, 
and then the glass substrate was maintained in an atmosphere 
(temperature 25** C) a gas mixture containing gas at 
pressure of 7.6 Torr and N2 gas at pressure of 752 Torr for 
10 minutes to modify the surface of the film body, to form a 
fluoride layer on the surface of the film body. The thus- 
formed glass substrate was referred to as "Example 20". 

Example 21 

A film body was formed on the surface of a glass 
substrate by sputtering in the same manner as Example 14, 
and then the glass substrate was maintained in a F2 gas 
atmosphere (temperature 100** C) at pressure of 7.6 Torr for 
10 minutes to modify the surface of the film body, to form a 
fluoride layer on the surface of the film body. The thus- 
formed glass substrate was referred to as "Example 21". 

Example 22 

A film body was formed on the surface of a glass 
substrate by sputtering in the same manner as Example 14, 
and then the glass substrate was maintained in a HF gas 
atmosphere (temperature 25** C) at pressure of 38 Torr for 1 
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minute to modify the surface of the film body, to form a 
fluoride layer on the surface of the film body. The thus- 
formed glass substrate was referred to as "Example 22". 

Example 23 

A film body was formed on the surface of a glass 
substrate by sputtering in the same manner as Example 14, 
and then the glass substrate was maintained in an atmosphere 
(temperature 25* C) of a gas mixture containing HF gas at 
pressure of 7.6 Torr and gas at pressure of 752 Torr for 
10 minutes to modify the surface of the film body, to form a 
fluoride layer on the surface of the film body. The thus- 
formed glass substrate was referred to as "Example 23". 

Example 24 

First, display electrodes (thickness of 5 [ua) made of 
Ag were formed on a front glass substrate having a thickness 
of 3 mm by screen printing, and then a transparent 
dielectric layer (thickness of 20 \un) made of glass was 
formed thereon by screen printing. Next, 79% by weight of 
organic acid magnesium (Magnesium Naphthenate, produced by 
Nihon Kagaku Sangyo Co., Ltd.) as a binder containing a MgO 
component, 2% by weight of ethyl cellulose as a binder 
containing no MgO component, and 19% by weight of a- 
terpineol as a solvent were mixed to prepare paste for a 
film. The thus -prepared paste was coated on the glass 
substrate by screen printing to form a film body. 
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Next, the glass substrate was dried by maintaining at 
150* C in air for 30 minutes, and then burned by maintaining 
at 550* C in air for 30 minutes. Furthermore, the glass 
substrate was maintained in a gas atmosphere (temperature 
25** C) at pressure of 152 Torr for 10 minutes to modify the 
surface of the film body, to form a fluoride layer on the 
surface of the film body. The thus -formed glass substrate 
was referred to as "Example 24". 

Example 25 

A film body was formed on the surface of a glass 
substrate by screen printing in the same manner as Example 
24, dried and then burned. Then the glass substrate was 
maintained in a Fj gas atmosphere (temperature 25* C) at 
pressure of 72 Torr for 10 minutes to modify the surface of 
the film body, to form a fluoride layer on the surface of 
the film body. The thus -formed glass substrate was referred 
to as "Example 25". 

Example 26 

A film body was formed on the surface of a glass 
substrate by screen printing in the same manner as Example 
24, dried and then burned. Then the glass substrate was 
maintained in a Fj gas atmosphere (temperature 25* C) at 
pressure of 38 Torr for 1 minute to modify the surface of 
the film body, to form a fluoride layer on the surface of 
the film body. The thus -formed glass substrate was referred 
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to as "Example 26". 

Example 27 

A film body was formed on the surface of a glass 
substrate by screen printing in the same manner as Example 
24, dried and then burned. Then the glass substrate was 
maintained in a gas atmosphere (temperature 25** C) at 
pressure of 38 Torr for 10 minutes to modify the surface of 
the film body, to form a fluoride layer on the surface of 
the film body. The thus-formed glass substrate was referred 
to as "Example 27". 

Example 28 

A film body was formed on the surface of a glass 
substrate by screen printing in the same manner as Example 
24, dried and then burned. Then the glass substrate was 
maintained in a F2 gas atmosphere (temperature 25** C) at 
pressure of 38 Torr for 60 minutes to modify the surface of 
the film body, to form a fluoride layer on the surface of 
the film body. The thus-formed glass substrate was referred 
to as "Example 28". 

Example 29 

A film body was formed on the surface of a glass 
substrate by screen printing in the same manner as Example 
24, dried and then burned. Then the glass substrate was 
maintained in a F2 gas atmosphere (temperature 25** C) at 
pressure of 7.6 Torr for 10 minutes to modify the surface of 
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the film body, to form a fluoride layer on the surface of 
the film body. The thus-formed glass substrate was referred 
to as "Example 29". 

Example 30 

A film body was formed on the surface of a glass 
substrate by screen printing in the same manner as Example 
24, dried and then burned. Then the glass substrate was 
maintained in an atmosphere (temperature 25* C) of a gas 
mixture containing gas at pressure of 7.6 Torr and gas 
at pressure of 752 Torr for 10 minutes to modify the surface 
of the film body, to form a fluoride layer on the surface of 
the film body. The thus -formed glass substrate was referred 
to as "Example 30". 

Example 31 

A film body was formed on the surface of a glass 
substrate by screen printing in the same manner as Example 
24, dried and then burned. Then the glass substrate was 
maintained in a F2 gas atmosphere (temperature 100** C) at 
pressure of 7.6 Torr for 10 minutes to modify the surface of 
the film body, to form a fluoride layer on the surface of 
the film body. The thus-formed glass substrate was referred 
to as "Example 31". 

Example 32 

A film body was formed on the surface of a glass 
substrate by screen printing in the same manner as Example 



24, dried and then burned. Then the glass substrate was 
maintained in a HF gas atmosphere (temperature 25* C) at 
pressure of 38 Torr for 1 minute to modify the surface of 
the film body, to form a fluoride layer on the surface of 
the film body. The thus -formed glass substrate was referred 
to as "Example 32". 

Example 33 

A film body was formed on the surface of a glass 
substrate by screen printing in the same manner as Example 
24, dried and then burned. Then the glass substrate was 
maintained in an atmosphere (temperature 25** C) of a gas 
mixture containing HF gas at pressure of 7.6 Torr and N2 gas 
at pressure of 752 Torr for 10 minutes to modify the surface 
of the film body, to form a fluoride layer on the surface of 
the film body. The thus -formed glass substrate was referred 
to as "Example 33". 

Example 34 

5% by weight of MgO powder (produced by Ube Materials) 
produced by a vapor phase method and having an average 
particle size of 100 A, 79% by weight of organic acid 
magnesium (Magnesixam Naphthenate, produced by Nihon Kagaku 
Sangyo Co., Ltd.) as a binder for a MgO component, 2% by 
weight of ethyl cellulose, and 18% by weight of a-terpineol 
as a solvent were mixed to prepare powder-containing paste 
for a film. The thus -prepared paste for a film containing a 
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MgO powder was used for forming a film body on the glass 
substrate by the same method as Example 24. Next, the 
surface of the film body was modified to form a fluoride 
layer on the surface thereof. The thus-formed glass 
substrate was referred to as "Example 34". 

Example 35 

First, the display electrodes 16 (thickness of 5 \im) 
made of Ag were formed on the front glass substrate 13 
having a thickness of 3 mm by screen printing, and then the 
transparent dielectric layer 17 (thickness of 20 ^im) made of 
glass was formed thereon by screen printing. Next, 1.25% by 
weight of magnesium ethoxide as a binder containing a MgO 
component, and 98.75% by weight of methyl cellosolve as a 
solvent were mixed to prepare a uniform coating solution for 
a film. The thus -prepared coating solution was coated on 
the glass substrate by spin coating to form a film body. 

Next, the glass substrate 13 was dried by maintaining 
at 60** C in air for 30 minutes, and then burned by 
maintaining at 580** C in air for 10 minutes. Furthermore, 
the glass substrate was maintained in a Fj gas atmosphere 
(temperature 25* C) at pressure of 152 Torr for 10 minutes to 
modify the surface of the film body, to form a fluoride 
layer on the surface of the film body. The thus -formed 
glass substrate was referred to as "Example 35". 

Example 36 
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A film body was formed on the surface of a glass 
substrate by spin coating in the same manner as Example 35, 
dried and then burned. Then the glass substrate was 
maintained in a gas atmosphere (temperature 25* C) at 
pressure of 72 Torr for 10 minutes to modify the surface of 
the film body, to form a fluoride layer on the surface of 
the film body. The thus-formed glass substrate was referred 
to as "Example 36". 

Example 37 

A film body was formed on the surface of a glass 
substrate by spin coating in the same manner as Example 35, 
dried and then burned. Then the glass substrate was 
maintained in a gas atmosphere (temperature 25** C) at 
pressure of 38 Torr for 1 minute to modify the surface of 
the film body, to form a fluoride layer on the surface of 
the film body. The thus-formed glass substrate was referred 
to as "Example 37". 

Example 38 

A film body was formed on the surface of a glass 
substrate by spin coating in the same manner as Example 35, 
dried and then burned. Then the glass substrate was 
maintained in a F2 gas atmosphere (temperature 25** C) at 
pressure of 38 Torr for 10 minutes to modify the surface of 
the film body, to form a fluoride layer on the surface of 
the film body. The thus-formed glass substrate was referred 
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to as "Example 38" • 

Example 39 

A film body was formed on the surface of a glass 
substrate by spin coating in the same manner as Example 35, 
dried and then burned. Then the glass substrate was 
maintained in a gas atmosphere (temperature 25** C) at 
pressure of 38 Torr for 60 minutes to modify the surface of 
the film body, to form a fluoride layer on the surface of 
the film body. The thus -formed glass substrate was referred 
to as "Example 39". 

Example 40 

A film body was formed on the surface of a glass 
substrate by spin coating in the same manner as Example 35, 
dried and then burned. Then the glass substrate was 
maintained in a gas atmosphere (temperature 25** C) at 
pressure of 7.6 Torr for 10 minutes to modify the surface of 
the film body, to form a fluoride layer on the surface of 
the film body. The thus-formed glass substrate was referred 
to as "Example 40". 

Example 41 

A film body was formed on the surface of a glass 
substrate by spin coating in the same manner as Example 35, 
dried and then burned. Then the glass substrate was 
maintained in an atmosphere (temperature 25** C) of a gas 
mixture containing gas at partial pressure of 7.6 Torr and 
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gas at partial pressure of 752 Torr for 10 minutes to 
modify the surface of the film body, to form a fluoride 
layer on the surface of the film body. The thus -formed 
glass substrate was referred to as "Example 41". 

Example 42 

A film body was foirmed on the surface of a glass 
substrate by spin coating in the same manner as Example 35, 
dried and then burned. Then the glass substrate was 
maintained in a F2 gas atmosphere (temperature 100° C) at 
pressure of 7.6 Torr for 10 minutes to modify the surface of 
the film body, to form a fluoride layer on the surface of 
the film body. The thus-formed glass substrate was referred 
to as "Example 42". 

Example 43 

A film body was formed on the surface of a glass 
substrate by spin coating in the same manner as Example 35, 
dried and then burned. Then the glass substrate was 
maintained in a HF gas atmosphere (temperature 25* C) at 
pressure of 38 Torr for 1 minute to modify the surface of 
the film body, to form a fluoride layer on the surface of 
the film body. The thus-formed glass substrate was referred 
to as "Example 43". 

Example 44 

A film body was formed on the surface of a glass 
substrate by spin coating in the same manner as Example 35, 
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dried and then burned. Then the glass substrate was 
maintained in an atmosphere (temperature 25** C) of a gas 
mixture containing HF gas at partial pressure of 7.6 Torr 
and gas at partial pressure of 752 Torr for 10 minutes to 
modify the surface of the film body, to form a fluoride 
layer on the surface of the film body. The thus -formed 
glass substrate was referred to as "Example 44". 

Example 45 

5% by weight of MgO powder (produced by Ube Materials) 
produced by a vapor phase method and having an average 
particle size of 100 A, 1.25% by weight of magnesium 
diethoxide as a binder for a MgO component, 2% by weight of 
ethyl cellulose, and 92.7 5% by weight of methyl cellosolve 
as a solvent were mixed to prepare a uniform coating 
solution for a film containing MgO powder. The thus- 
prepared coating solution was used for forming a film body 
on a glass substrate by the same method as Example 35. Next, 
the surface of the film body was modified to form a fluoride 
layer on the surface thereof. The thus-formed glass 
substrate was referred to as "Example 45". 

Example 46 

5 g of MgO powder (produced by Ube Materials) produced 
by a vapor phase method and having an average particle size 
of 100 A was maintained in a F2 gas atmosphere (temperature 
25** C) at pressure of 152 Torr for 10 minutes to modify the 
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surface of the MgO powder, to coat the surface of the MgO 
powder with a fluoride layer • The MgO powder was referred 
to as MgO powder of Example 46. 

On the other hand, display electrodes (thickness of 5 
|iin) made of Ag were formed on a front glass substrate having 
a thickness of 3 mm by screen printing, and then a 
transparent dielectric layer (thickness of 20 \ua) made of 
glass was formed thereon by screen printing. Next, 5% by 
weight of MgO powder with the surface coated with a fluoride 
layer, 7 5% by weight of organic acid magnesium (Magnesium 
Naphthenate, produced by Nihon Kagaku Sangyo Co., Ltd.) and 
2% by weight of ethyl cellulose as a binder, and 18% by 
weight of a-terpineol as a solvent were mixed to prepare 
paste for a film. The thus -prepared paste for a film was 
coated on the glass substrate by screen printing to form a 
film body. Furthermore, the glass substrate was dried by 
maintaining at 150** C in air for 30 minutes, and then burned 
by maintaining at 580** C in air for 10 minutes. The thus- 
formed glass substrate was referred to as "Example 46". 

Example 4 7 

The same MgO powder as Example 46 was maintained in a F2 
gas atmosphere (temperature 25* C) at pressure of 72 Torr for 
10 minutes to form a fluoride layer on the surface of the 
MgO powder. The MgO powder was used for forming a film body 
on a glass substrate by the same method as Example 46. The 
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MgO powder having the surface coated with the fluoride layer, 
and the glass substrate were referred to as "Example 47". 

Example 48 

The same MgO powder as Example 46 was maintained in a 
gas atmosphere (temperature 25° C) at pressure of 38 Torr for 
1 minute to form a fluoride layer on the surface of the MgO 
powder. The MgO powder was used for forming a film body on 
a glass substrate by the same method as Example 46. The MgO 
powder having the surface coated with the fluoride layer, 
and the glass substrate were referred to as "Example 48". 

Example 49 

The same MgO powder as Example 46 was maintained in a 
gas atmosphere (temperature 25° C) at pressure of 38 Torr for 
10 minutes to form a fluoride layer on the surface of the 
MgO powder. The MgO powder was used for forming a film body 
on a glass substrate by the same method as Example 46. The 
MgO powder having the surface coated with the fluoride layer, 
and the glass substrate were referred to as "Example 49". 

Example 50 

The same MgO powder as Example 46 was maintained in a 
gas atmosphere (temperature 25° C) at pressure of 38 Torr for 
60 minutes to form a fluoride layer on the surface of the 
MgO powder. The MgO powder was used for forming a film body 
on a glass substrate by the same method as Example 46. The 
MgO powder having the surface coated with the fluoride layer. 
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and the glass substrate were referred to as "Example 50" . 

Example 51 

The same MgO powder as Example 46 was maintained in a 
gas atmosphere (temperature 25* C) at pressure of 7.6 Torr 
for 10 minutes to form a fluoride layer on the surface of 
the MgO powder. The MgO powder was used for forming a film 
body on a glass substrate by the same method as Example 46. 
The MgO powder having the surface coated with the fluoride 
layer, and the glass substrate were referred to as "Example 
51" . 

Example 52 

The same MgO powder as Example 46 was maintained in an 
atmosphere (temperature 25** C) of a gas mixture containing 
gas at partial pressure of 7.6 Torr and gas at partial 
pressure of 752 Torr for 10 minutes to form a fluoride layer 
on the surface of the MgO powder. The MgO powder was used 
for forming a film body on a glass substrate by the same 
method as Example 46. The MgO powder having the surface 
coated with the fluoride layer, and the glass substrate were 
referred to as "Example 52". 

Example 53 

The same MgO powder as Example 46 was maintained in a F2 
gas atmosphere (temperature 100° C) at pressure of 7.6 Torr 
for 10 minutes to form a fluoride layer on the surface of 
the MgO powder. The MgO powder was used for forming a film 
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body on a glass substrate by the same method as Example 46. 
The MgO powder having the surface coated with the fluoride 
layer, and the glass substrate were referred to as "Example 
53" . 

Example 54 

The same MgO powder as Example 46 was maintained in a 
HF gas atmosphere (temperature 25* C) at pressure of 38 Torr 
for 1 minute to form a fluoride layer on the surface of the 
MgO powder. The MgO powder was used for forming a film body 
on a glass substrate by the same method as Example 46. The 
MgO powder having the surface coated with the fluoride layer, 
and the glass substrate were referred to as "Example 54". 

Example 55 

The same MgO powder as Example 46 was maintained in an 
atmosphere (temperature 25* C) of a gas mixture containing HF 
gas at partial pressure of 7.6 Torr and N2 gas at partial 
pressure of 752 Torr for 10 minutes to form a fluoride layer 
on the surface of the MgO powder. The MgO powder was used 
for forming a film body on a glass substrate by the same 
method as Example 46. The MgO powder having the surface 
coated with the fluoride layer, and the glass substrate were 
referred to as "Example 55". 

Example 56 

The same MgO powder as Example 46 was maintained in a 
BF3 gas atmosphere (temperature 25* C) at pressure of 7.6 Torr 
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for 10 minutes to form a fluoride layer on the surface of 
the MgO powder. The MgO powder was used for forming a film 
body on a glass substrate by the same method as Example 46. 
The MgO powder having the surface coated with the fluoride 
layer, and the glass substrate were referred to as "Example 
56" . 

Example 57 

The scime MgO powder as Example 46 was maintained in a 
SbFj gas atmosphere (temperature 25" C) at pressure of 7.6 
Torr for 10 minutes to form a fluoride layer on the surface 
of the MgO powder. The MgO powder was used for forming a 
film body on a glass substrate by the same method as Example 
46. The MgO powder having the surface coated with the 
fluoride layer, and the glass substrate were referred to as 
"Example 57". 

Example 58 

The same MgO powder as Example 46 was maintained in a 
SF4 gas atmosphere (temperature 25** C) at pressure of 7.6 Torr 
for 10 minutes to form a fluoride layer on the surface of 
the MgO powder. The MgO powder was used for forming a film 
body on a glass substrate by the same method as Example 46. 
The MgO powder having the surface coated with the fluoride 
layer, and the glass substrate were referred to as "Example 
58" . 

Excimple 59 
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A fluoride layer was formed on the surface of a MgO 
powder under the same conditions as Example 46, The MgO 
powder was referred to as MgO powder of Example 59. 

On the other hand, display electrodes and a transparent 
dielectric layer were formed on the surface of a glass 
substrate thereon by the same method as Example 46. Next, 
5% by weight of MgO powder with the surface coated with a 
fluoride layer, 1.25% by weight of magnesium diethoxide as a 
binder, and 93.75% by weight of ethyl cellosolve as a 
solvent were mixed to prepare a dispersion for a film. The 
thus -prepared dispersion for a film was coated on the glass 
substrate by spin coating to form a film body. Furthermore, 
the glass substrate was dried by maintaining at 60** C in air 
for 30 minutes, and then burned by maintaining at 580" C in 
air for 10 minutes. The thus-formed glass substrate was 
referred to as "Example 59". 

Example 60 

The same MgO powder as Example 59 was maintained in a F2 
gas atmosphere (temperature 25** C) at pressure of 72 Torr for 
10 minutes to form a fluoride layer on the surface of the 
MgO powder. The MgO powder was used for forming a film body 
on a glass substrate by the same method as Example 59. The 
MgO powder having the surface coated with the fluoride layer, 
and the glass substrate were referred to as "Example 60". 

Example 61 
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The same MgO powder as Example 59 was maintained in a 
gas atmosphere (temperature 25** C) at pressure of 38 Torr for 
1 minute to form a fluoride layer on the surface of the MgO 
powder. The MgO powder was used for forming a film body on 
a glass substrate by the same method as Example 59. The MgO 
powder having the surface coated with the fluoride layer, 
and the glass substrate were referred to as "Example 61". 

Example 62 

The same MgO powder as Example 59 was maintained in a F2 
gas atmosphere (temperature 25** C) at pressure of 38 Torr for 
10 minutes to form a fluoride layer on the surface of the 
MgO powder. The MgO powder was used for forming a film body 
on a glass substrate by the same method as Example 59. The 
MgO powder having the surface coated with the fluoride layer, 
and the glass substrate were referred to as "Example 62". 

Example 63 

The same MgO powder as Example 59 was maintained in a F2 
gas atmosphere (temperature 25** C) at pressure of 38 Torr for 
60 minutes to form a fluoride layer on the surface of the 
MgO powder. The MgO powder was used for forming a film body 
on a glass substrate by the same method as Example 59 . The 
MgO powder having the surface coated with the fluoride layer, 
and the glass substrate were referred to as "Example 63". 

Example 64 

The same MgO powder as Example 59 was maintained in a 
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gas atmosphere (temperature 25** C) at pressure of 7,6 Torr 
for 10 minutes to form a fluoride layer on the surface of 
the MgO powder. The MgO powder was used for forming a film 
body on a glass substrate by the same method as Example 59. 
The MgO powder having the surface coated with the fluoride 
layer, and the glass substrate were referred to as "Example 
64" . 

Example 65 

The same MgO powder as Example 59 was maintained in an 
atmosphere (temperature 25** C) of a gas mixture containing 
gas at partial pressure of 7.6 Torr and N2 gas at partial 
pressure of 752 Torr for 10 minutes to form a fluoride layer 
on the surface of the MgO powder. The MgO powder was used 
for forming a film body on a glass substrate by the same 
method as Example 59. The MgO powder having the surface 
coated with the fluoride layer, and the glass substrate were 
referred to as "Example 65". 

Example 66 

The same MgO powder as Example 59 was maintained in a F2 
gas atmosphere (temperature 100** C) at pressure of 7.6 Torr 
for 10 minutes to form a fluoride layer on the surface of 
the MgO powder. The MgO powder was used for forming a film 
body on a glass substrate by the same method as Example 59. 
The MgO powder having the surface coated with the fluoride 
layer, and the glass substrate were referred to as "Example 
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66" . 

Example 67 

The same MgO powder as Example 59 was maintained in a 
HF gas atmosphere (temperature 25' C) at pressure of 38 Torr 
for 1 minute to form a fluoride layer on the surface of the 
MgO powder. The MgO powder was used for forming a film body 
on a glass substrate by the same method as Example 59. The 
MgO powder having the surface coated with the fluoride layer, 
and the glass substrate were referred to as "Example 67". 

Example 68 

The same MgO powder as Exeimple 59 was maintained in an 
atmosphere (temperature 25** C) of a gas mixture containing HF 
gas at partial pressure of 7.6 Torr and gas at partial 
pressure of 752 Torr for 10 minutes to form a fluoride layer 
on the surface of the MgO powder. The MgO powder was used 
for forming a film body on a glass substrate by the same 
method as Example 59. The MgO powder having the surface 
coated with the fluoride layer, and the glass substrate were 
referred to as "Example 68". 

Example 69 

A film body was formed on a glass substrate by the same 
method as Example 59 except that magnesium trif luoroacetate 
was used as a binder, and the burning temperature was 500** C. 
The MgO powder having the surface coated with the fluoride 
layer, and the glass substrate were referred to as "Example 
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69" . 

Example 70 

A film body was formed on a glass substrate by the same 
method as Example 69 except that magnesium 
trif luoroacetylacetonate was used as a binder, and the 
burning temperature was 500** C. The MgO powder having the 
surface coated with the fluoride layer, and the glass 
substrate were referred to as "Example 70". 

Example 71 

A film body was formed on a glass substrate by the same 
method as Example 69 except that magnesium 
hexaf luoroacetylacetonate was used as a binder, and the 
burning temperature was 500* C. The MgO powder having the 
surface coated with the fluoride layer, and the glass 
substrate were referred to as "Example 71". 

Comparative Example 1 

A film body was formed on a glass substrate by electron 
beam evaporation in the same manner as Example 1 except that 
the surface of the film body was not modified. The thus- 
obtained glass substrate was referred to as "Comparative 
Example 1 " . 

Comparative Example 2 
A film body was formed on a glass substrate by 
sputtering in the same manner as Example 14 except that the 
surface of the film body was not modified. The thus- 



obtained glass substrate was referred to as "Comparative 
Example 2". 

Comparative Example 3 

A film body was formed on a glass substrate by screen 
printing, dried and then burned in the same manner as 
Example 24 except that the surface of the film body was not 
modified. The thus -obtained glass substrate was referred to 
as "Comparative Example 3". 

Comparative Example 4 

A film body was formed on a glass substrate by screen 
printing, dried and then burned in the same manner as 
Example 34 except that the surface of the film body was not 
modified. The thus -obtained glass substrate was referred to 
as "Comparative Example 4". 

Comparative Example 5 

A film body was formed on a glass substrate by spin 
coating, dried and then burned in the same manner as Example 
35 except that the surface of the film body was not modified 
The thus-obtained glass substrate was referred to as 
"Comparative Example 5". 

Comparative Example 6 

A film body was formed on a glass substrate by spin 
coating, dried and then burned in the same manner as Example 
45 except that the surface of the film body was not modified 
The thus-obtained glass substrate was referred to as 



"Comparative Example 6"* 

Compar at ive Example 7 
A film body was formed on a glass substrate by screen 
printing in the same manner as Example 46 except that a MgO 
powder having an unmodified surface was used. The MgO 
powder and glass substrate were referred to as "Comparative 
Example 7 " . 

Comparative Example 8 
A film body was formed on a glass substrate by spin 
coating in the same manner as Example 59 except that a MgO 
powder having an unmodified surface was used. The MgO 
powder and glass substrate were referred to as "Comparative 
Example 8 " . 

Comparison Test 1 and Evaluation 
In each of Examples 1 to 45 and Comparative Examples 1 
to 6, the thickness of the fluoride layer formed on the 
surface of the film body on the glass substrate was measured 
by elemental analysis in the depth direction by X-ray 
photoelectron spectroscopy . 

The environment resistance of each of the film bodies 
was evaluated by difficulty in changing from MgO to 
carbonate (MgCOg). Specifically, each film body was allowed 
to stand in air at 40** C and humidity of 90% for 2 weeks, and 
then the MgO film was subjected to elemental analysis in the 
depth direction by X-ray photoelectron spectroscopy so that 



a carbonate layer was evaluated by a depth where carbon 
derived from magnesium carbonate (MgCOa) was observed. 
Namely, the smaller the depth, i.e., the thinner the 
carbonate layer, the more the environment resistance of a 
protecting film improves. 

Furthermore, in each of Examples 1 to 45 and 
Comparative Examples 1 to 6, the breakdown voltage of the 
film body was measured by a method in which the glass 
substrate was set in a chamber, the chamber was evacuated 
and then filled with a gas mixture of He and 2% Xe gas at 
400 Torr, and then a voltage of 10 kHZ was applied. 

The results of measurement are shown in Table 1 to 4 . 
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Table 1 



Example 
No. 


Modification condition of film body (MgO) 
surface 


Thick- - 
ness of 

r luoiriae 

layer 

(nm) 


Environ- 
ment 
resist- 
ance 


Break- 
down 
voltage 
Vf (V) 


Temper- 
ature 
CC) 


Time 
(min) 


Type and partial pressure of 
gas 


Thick- 
ness of 
carbonate 
(nm) 


Gas 


Partial 
pressure 


Gas 


Partial 
pressure 


1 


25 


10 




152 


- 


- 


24 


1 


160 


2 


25 


10 


F2 


72 


- 


- 


16 


1 


163 


3 


25 


1 




38 


- 


- 


10 


3 


166 


4 


25 


10 


F2 


38 


- 


- 


15 


1 


160 


5 


25 


60 


F2 


38 


- 


- 


30 


1 


156 


6 


25 


10 


F2 


7-6 






5 


7 


167 


7 


25 


10 


F2 


7.6 




752 


6 


10 


163 


8 


100 


10 


Fj 


7.6 






22 


1 


157 


9 


25 


1 


HF 


38 






5 


12 


169 


10 


25 


10 


HF 


7.6 




752 


2 


15 


166 


11 


25 


10 


BF3 


7.6 






4 


10 


165 


12 


25 


10 


SbFs 


7.6 






5 


7 


165 


13 


25 


10 


SF, 


7.6 






2 


11 


168 


Comp. 
Example 
1 














Un- 
treated 


17 


172 
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Table 2 



Example 
No. 


Modification condition of film body (MgO) 
surface 


Thick- - 
ness of 
fluoride 
layer 
( nm) 


Environ- 
ment 
resist- 
ance 


Break- 
down 
voltage 
Vf (V) 


Temper- 
ature 
(**C) 


Time 
(min) 


Type and partial pressure of 
gas 


Thick- 
ness of 
carbonate 
(nm) 


Gas 


Partial 
pressure 


Gas 


Partial 
pressure 


14 


25 


10 




152 


_ 


_ 


10 


1 


tec 

155 


15 


25 


10 




72 


- 


- 


9 


1 


158 


16 


25 


1 


F2 


38 






5 


1 


162 


17 


25 


10 


F2 


38 






9 


1 


158 


18 


25 


60 


Fa 


38 






17 


1 


157 


19 


25 


10 


Fa 


7.6 






4 


3 


162 


20 


25 


10 


F2 


7.6 




752 


4 


6 


163 


21 


100 


10 


F. 


7.6 






10 


1 


156 


22 


25 


1 


HF 


38 






2 


7 


160 


23 


25 


10 


HF 


7.6 




752 


1 


7 


160 


Comp. 
Example 
2 














Un- 
treated 


10 


165 
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Table 3 



Example 
No. 


Modification condition of film body (MgO) 
surface 


Thick- - 
ness of 
fluoride 
layer 
(nm) 


Environ- 
ment 
resist- 
ance 


Break- 
down 
voltage 
Vf (V) 


Temper- 
ature 


Time 
(min) 


Type and partial pressure of 
gas 


Thick- 
ness of 
carbonate 
(nm) 


Gas 


Partial 
pressure 


Gas 


Partial 
pressure 


24 


25 


10 




152 


_ 


_ 


36 


2 


182 


25 


25 


10 




72 


_ 


_ 


24 


2 


184 


26 


25 


1 


F2 


38 


- 


- 


12 


5 


189 


27 


25 


10 


F^ 


38 


- 


- 


20 


3 


185 


28 


25 


60 


F2 


38 






44 


1 


179 


29 


25 


10 


F2 


7.6 






8 


10 


190 


30 


25 


10 


F2 


7.6 




752 


8 


12 


184 


31 


100 


10 


F2 


7.6 






30 


1 


180 


32 


25 


1 


HF 


38 






6 


15 


190 


33 


25 


10 


HF 


7.6 




752 


4 


20 


189 


34 


25 


10 


F2 


152 






420 


5 


188 


Comp. 
Example 
3 














Un- 
treated 


22 


196 


Comp. 
Example 
4 














Un- 
treated 


510 


201 



Table 4 



Example 
No. 


Modification condition of film body (MgO) 
surface 


Thick- - 
ness of 
fluoride 
layer 
( nm) 


Environ- 
ment 
resist- 
ance 


Break- 
down 
voltage 
Vf (V) 


Temper- 
ature 


Time 
(min) 


Type and partial pressure of 
gas 


Thick- 
ness of 
carbonate 
(nm) 


Gas 


Partial 
pressure 


Gas 


Partial 
pressure 


35 


25 


10 


F2 


152 


_ 


_ 


42 


2 


180 


36 


25 


10 


F2 


72 


_ 


_ 


20 


4 


185 


37 


25 


1 


F2 


38 


- 


- 


8 


7 


190 


38 


25 


10 


^2 


38 


- 


- 


26 


4 


185 


39 


25 


60 


F2 


38 






35 


2 


183 


40 


25 


10 


F2 


7.6 






12 


8 


190 


41 


25 


10 


F2 


7.6 




752 


14 


10 


184 


42 


100 


10 


F2 


7.6 






30 


3 


183 


43 


25 


1 


HF 


38 






6 


18 


190 


44 


25 


10 


HF 


7.6 




752 


6 


18 


191 


45 


25 


10 


F2 


152 






510 


7 


189 


Comp. 
Example 
5 














Un- 
treated 


30 


195 


Comp. 
Example 
6 














Un- 
treated 


560 


200 



Tables 1 to 4 indicate that in Comparative Examples 1 
to 3 and 5, the thicknesses of the carbonate layers (MgC03) 
formed on the film bodies are as large as 17 nm, 10 nm, 22 m, 
and 30 nm, respectively, and in Comparative Examples 4 and 6 
containing a MgO powder, carbonate {MgCO^) is formed 
substantially over the entire film body. On the other hand. 
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In each of Examples 1 to 45, the thickness of the carbonate 
layer is 1 to 20 nm which is smaller than the corresponding 
comparative example. It is also found that as the thickness 
of the fluoride layer formed on the surface of the film body 
increases, the thickness of the carbonate layer decreases. 

In Comparative Examples 1 and 2, the breakdown voltages 
are 172 and 165 V, respectively, while in Examples 1 to 23 
corresponding to Comparative Examples 1 and 2, the breakdown 
voltages are a slightly lower value of 155 to 169 V. In 
Comparative Examples 3 to 6, the breakdown voltage are 195 
to 201 V, while in Examples 24 to 45 corresponding to 
Comparative Examples 3 to 6, the breakdown voltages are a 
lower value ofl79tol91V. It is thus found that in 
Examples of the present invention, the secondary electron 
emitting ability is high, and thus the performance of PDP is 
improved . 

Comparison Test 2 and Evaluation 
In Examples 46 to 71 and Comparative Examples 7 and 8, 
it was difficult to measure the thickness of the fluoride 
layers formed on the surfaces of the MgO powder because the 
MgO powder was fine. Therefore, as a reference, the 
thickness of a fluoride layer formed on the surface a MgO 
sputtered film under the same conditions as Examples and 
Comparative Examples was measured by elemental analysis in 
the depth direction by X-ray photoelectron spectroscopy. 



The environment resistance of MgO powder was evaluated 
by difficulty in changing from MgO to carbonate (MgCOa) in 
the same manner as Comparison Test 1. Specifically, the MgO 
powder was allowed to stand in air at 40* C and humidity of 
90% for 2 weeks, the carbonate layer on the surface of the 
MgO powder was evaluated by a relative value (a» u. : 
arbitrary unit) of absorbance at a peak near 1450 cm"^ 
derived from the carbonate in diffuse reflectance infrared 
spectroscopy (FT-IR) . The smaller the relative value of the 
absorbance, i.e., the thinner the carbonate layer, the more 
the environment resistance of the MgO powder improves. 
Furthermore, the breakdown voltage (Vf ) of the MgO film was 
measured by the same method as Comparison Test 1 . The 
results of measurement are shown in Tables 5 and 6. 
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Table 5 



Example 
No. 


Modification condition of powder (MgO) surface 


Thick- - 
ness of 
fluoride 
layer 
( nm) 


Environ- 
ment 
resist- 
ance 


Break- 
down 
voltage 
Vf (V) 


Temper- 
ature 


Time 
(min) 


Type and partial pressure of 
gas 


Carbonate 
(a. u.) 


Gas 


Partial 
pressure 


Gas 


Partial 
pressure 


46 


25 


10 




152 





_ 


10 


10 


179 


47 


25 


10 




72 


_ 


_ 


9 


9 


180 


48 


25 


1 


Fa 


38 


_ 


_ 


5 


25 


187 


49 


25 


10 


Fa 


38 


_ 


_ 


9 


10 


185 


50 


25 


60 


Fa 


38 


- 


- 


17 


7 


180 


51 


25 


10 


Fa 


7.6 






4 


48 


186 


52 


25 


10 


Fa 


7.6 




752 


4 


48 


181 


53 


100 


10 


Fa 


7.6 






10 


3 


181 


54 


25 


1 


HF 


38 






2 


65 


187 


55 


25 


10 


HF 


7.6 




752 


1 


58 


186 


56 


25 


10 


BF3 


7.6 






3 


49 


186 


57 


25 


10 


SbFs 


7.6 






3 


47 


185 


58 


25 


10 


SF, 


7.6 






1 


53 


187 


Comp . 
Example 
7 














Un- 
treated 


78 


195 
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Table 6 



Example 
No. 


Modification condition of powder (MgO) surface 


Thick- - 
ness of 
fluoride 
layer 
( nm) 


Environ- 
ment 
resist- 
ance 


Break- 
down 
voltage 
Vf (V) 


Temper- 
ature 


Time 
(min) 


Type and partial pressure of 
gas 


Carbonate 
(a. u.) 


Gas 


Partial 
pressure 


Gas 


Partial 
pressure 


59 


25 


10 




152 


_ 


_ 


10 


10 


177 


60 


25 


10 


^2 


72 


_ 


_ 


9 


9 


179 


61 


25 


1 


^2 


38 


_ 


_ 


5 


25 


185 


62 


25 


10 


F2 


38 


_ 




9 


10 


180 


63 


25 


60 


F3 


38 


- 


- 


17 


7 


177 


64 


25 


10 


F2 


7.6 






4 


48 


188 


65 


25 


10 


F2 


7.6 




752 


4 


48 


180 


66 


100 


10 


F2 


7.6 






10 


3 


179 


67 


25 


1 


HF 


38 






2 


65 


185 


68 


25 


10 


HF 


7.6 




752 


1 


58 


183 


69 


25 


10 


F2 


152 






10 


10 


170 


70 


25 


10 


F2 


152 






10 


10 


172 


71 


25 


10 


F2 


152 






10 


10 


171 


Comp. 
Example 
8 














Un- 
treated 


78 


196 



Tables 5 and 6 indicate that in Comparative Examples 7 
and 8, the amounts of carbonate (MgCOa) fojrmed on the MgO 
powder surfaces are as large as 78, while in Examples 46 to 
71, the amounts of carbonate are as small as 3 to 65. It is 
also found that the thicker the fluoride layer formed on the 
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MgO powder (MgO sputtered film) surface, the smaller the 
amount of carbonate . 

In Comparative Examples 7 and 8, the breakdovm voltages 
are 195 and 196 V, respectively, while in Examples 46 to 71, 
the breakdown voltages are as low as 170 to 188 V. It is 
thus found that in Examples of the present invention, the 
secondary electron emitting ability is high, and thus the 
performance of PDP is improved. 

Examples 101 to 128 

A film body was formed on a glass substrate, and a 
fluoride layer was formed on the surface of the film body by 
the same method as each of Examples 1 to 14, 16, 18, 21, 23, 
24, 26, 28, 31, 33, 34, 37, 39, 42 and 44 except that a CaO 
power was used in place of the MgO powder. The thus- 
obtained glass substrates are respectively referred to as 
"Examples 101 to 128". 

Examples 129 to 153 

A CaO powder was coated with a fluoride layer, and then 
used for forming a film body on the surface of a glass 
substrate by the same method as each of examples 46 to 63 
and 65 to 71 except that a CaO powder (average particle 
size: 500 A) produced by precipitation in water was used in 
place of the MgO powder (average particle size: 100 A) 
produced by a vapor phase method. The thus -obtained CaO 
powder coated with the fluoride layer and glass substrates 
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are respectively referred to as "Examples 129 to 153". 

Comparative Examples 101 to 104 

A film body was formed on a glass substrate without 
modification of the surface of the film body by the same 
method as each of Comparative Examples 1 to 3 and 5 except 
that a CaO power was used in place of the MgO powder. The 
thus-obtained glass substrates are respectively referred to 
as "Comparative Examples 101 to 104". 

Comparative Examples 105 and 106 

A CaO powder having the unmodified surface was used for 
forming a film body on the surface of a glass substrate by 
the same method as each of Comparative examples 7 and 8 
except that a CaO powder (average particle size: 500 A) 
produced by an underwater synthetic method was used in place 
of the MgO powder (average particle size: 100 A) produced by 
a vapor phase method. The thus -obtained CaO powder and 
glass substrates are respectively referred to as "Examples 
105 and 106". 

Comparison Test 3 and Evaluation 
In each of Examples 101 to 128 and Comparative Examples 
101 to 104, the thickness of the fluoride layer formed on 
the surface of the film body on the glass substrate was 
measured by elemental analysis in the depth direction by X- 
ray photoelectron spectroscopy. 

The environment resistance of each of the film bodies 
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was evaluated by difficulty in changing from CaO to 
carbonate (CaCOa) . Specifically, each film body was allowed 
to stand in air (CO2 concentration: about 300 ppm) at 40* C 
and humidity of 90% for 2 weeks, and then subjected to 
elemental analysis in the depth direction by X-ray 
photoelectron spectroscopy so that a carbonate layer was 
evaluated by a depth where carbon derived from calcium 
carbonate (CaCOg) was observed. Namely, the smaller the 
depth, i.e., the thinner the carbonate layer, the more the 
environment resistance of a protecting film improves. 

Furthermore, in each of Examples 101 to 128 and 
Comparative Examples 101 to 104, the breakdown voltage of 
the film body was measured by a method in which the glass 
substrate was set in a chamber, the chamber was evacuated 
and then filled with a gas mixture of He and 2% Xe gas at 
400 Torr, and then a voltage of 10 kHZ was applied. 

The results of measurement are shown in Table 7 and 8 . 
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Table 7 



Example 
No. 


Modification condition of film body (CaO) 
surface 


Thick- - 
ness of 
fluoride 
layer 
( nm) 


Environ- 
ment 
resist- 
ance 


Break- 
down 
voltage 
Vf (V) 


Temper- 
ature 


Time 
(min) 


Type and partial pressure of 
gas 


Thick- 
ness of 
carbonate 
(nm) 


Gas 


Partial 
pressure 


Gas 


Partial 
pressure 


101 


25 


10 


F2 


152 


_ 




30 


1 


165 


102 


25 


10 


F2 


72 






18 


1 


162 


103 


25 


1 


F2 


38 




_ 


15 


1 


160 


104 


25 


10 


F2 


38 


_ 


_ 


12 


2 


162 


105 


25 


60 


F2 


38 


- 


- 


26 


1 


158 


106 


25 


10 


F2 


7.6 






5 


10 


172 


107 


25 


10 


F2 


7.6 




752 


10 


7 


170 


108 


100 


10 


F2 


7.6 






25 


2 


163 


109 


25 


1 


HF 


38 






10 


8 


174 


110 


25 


10 


HF 


7.6 




752 


3 


10 


172 


111 


25 


10 


BF3 


7.6 






4 


12 


170 


112 


25 


10 


SbFs 


7.6 






8 


5 


166 


113 


25 


10 


SF, 


7.6 






8 


6 


167 


Comp. 
Example 
101 














Un- 
treated 


20 


180 
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Table 8 



Example 
No. 


Modification condition of film body (CaO) 
surface 


Thick- - 
ness of 
fluoride 
layer 
( nm) 


Environ- 
ment 
resist- 
ance 


Break- 
down 
voltage 
Vf (V) 


Temper- 
ature 


Time 
(mln) 


Type and partial pressure of 
gas 


Thick- 
ness of 
carbonate 
(nm) 


Gas 


Partial 
pressure 


Gas 


Partial 
pressure 


114 


25 


10 




152 


_ 


_ 


15 


1 


160 


115 


25 


1 




38 


_ 


_ 


6 


3 


162 


116 


25 


60 




38 


_ 


_ 


17 


1 


158 


117 


100 


10 


F2 


7.6 


_ 


_ 


13 


1 


160 


118 


25 


10 


HF 


7.6 




752 


4 


3 


163 


119 


25 


10 


F2 


152 




_ 


43 


2 


185 


120 


25 


1 


F2 


38 


- 


- 


19 


5 


191 


121 


25 


60 


F2 


38 


- 


- 


37 


3 


180 


122 


100 


10 


Fa 


7 . 6 






33 


4 


188 


123 


25 


10 


HF 


7.6 


N2 


752 


10 


8 


194 


124 




10 


F2 


152 






37 


3 


180 


125 


25 


1 


F2 


38 






20 


3 


182 


126 


25 


60 


F3 


38 






40 


2 


176 


127 


100 


10 


F2 


7-6 






35 


2 


179 


128 


25 


10 


HF 


7.6 




752 


8 


10 


191 


Comp. 
Example 
102 














Un- 
treated 


20 


200 


Comp . 
Example 
103 














Un- 
treated 


25 


205 


Comp. 
Example 
104 














Un- 
treated 


23 


206 
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Tables 7 and 8 indicate that in each of Comparative 
Examples 101 to 104, the thickness of the carbonate layer 
(CaCOj) formed on the film body is as large as 20 to 25 nm, 
while in each of Examples 101 to 128, the thickness of the 
carbonate layer is as small as 1 to 12 nm. It is also found 
that as the thickness of the fluoride layer formed on the 
surface of the film body increases, the thickness of the 
carbonate layer decreases . 

In Comparative Example 101, the breakdown voltage is 
180 V, while in Examples 101 to 113 corresponding to 
Comparative Example 101, the breakdown voltages are a 
slightly lower value of 158 to 174 V. In Comparative 
Examples 102 to 104, the breakdown voltages are 200 to 206 V 
while in Examples 114 to 128 corresponding to Comparative 
Examples 102 to 104, the breakdown voltages are a lower 
value of 158 to 194 V. It is thus found that in Examples of 
the present invention, the secondary electron emitting 
ability is high, and thus the performance of PDP is improved 
Comparison Test 4 and Evaluation 
In Examples 129 to 153 and Comparative Examples 105 
and 106, it was difficult to measure the thickness of the 
fluoride layers formed on the surfaces of the CaO powder 
because the CaO powder was fine. Therefore, as a reference, 
the thickness of a fluoride layer formed on the surface a 
CaO sputtered film under the scime conditions as each of 
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Examples and Comparative Examples was measured by elemental 
analysis in the depth direction by X-ray photoelectron 
spectroscopy . 

The environment resistance of the CaO powder was 
evaluated by difficulty in changing from CaO to carbonate 
(CaCOj) in the same manner as Comparison Test 3. 
Specifically, the CaO powder was allowed to stand in air (CO2 
concentration: about 300 ppm) at 40* C and humidity or 90% 
for 2 weeks, the carbonate layers on the surfaces of the CaO 
powder were evaluated by a relative value (a. u. : arbitrary 
unit) of absorbance at a peak near 1450 cm'^ derived from the 
carbonate in diffuse reflectance infrared spectroscopy (FT- 
IR). The smaller the relative value of the absorbance, i.e., 
the thinner the carbonate layer, the more the environment 
resistance of the CaO powder improves. Furthermore, the 
breakdown voltage (Vf ) of each film body was measured by the 
same method as Comparison Test 3. The results of 
measurement are shown in Tables 9 and 10 . 
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Table 9 



Example 
No. 


Modification condition of powder (CaO) surface 


Thick- - 
ness of 
fluoride 
layer 
(nm) 


Environ- 
ment 
resist- 
ance 


Break- 
down 
voltage 
Vf (V) 


Temper- 
ature 


Time 
(min) 


Type and partial pressure of 
gas 


Carbonate 
(a. u.) 


Gas 


Partial 
pressure 


Gas 


Partial 
pressure 


129 


25 


10 


F. 


152 


_ 


_ 


15 


9 


TOO 

183 


130 


25 


10 


F. 


72 


_ 


_ 


11 


21 


181 


131 


25 


1 


F2 


38 


_ 


_ 


6 


20 


190 


132 


25 


10 


F2 


38 


_ 


_ 


15 


12 


183 


133 


25 


60 


F2 


38 


- 


- 


17 


8 


180 


134 


25 


10 


F2 


7.6 






10 


25 


185 


135 


25 


10 


F2 


7.6 




752 


9 


24 


196 


136 


100 


10 


F2 


7.6 






13 


15 


195 


137 


25 


1 


HF 


38 






4 


40 


195 


138 


25 


10 


HF 


7.6 




752 


4 


52 


196 


139 


25 


10 


BF3 


7.6 






8 


33 


188 


140 


25 


10 


SbFs 


7.6 






6 


40 


190 


141 


25 


10 


SF4 


7.6 






5 


38 


191 


Comp. 
Example 
105 














Un- 
treated 


92 


206 
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Table 10 



Example 
No. 


Modification condition of powder (CaO) surface 


Thick- - 
ness of 
fluoride 
layer 
(nm) 


Environ- 
ment 
resist- 
ance 


Break- 
down 
voltage 
Vf (V) 


Temper- 
ature 
CC) 


Time 
(mln) 


Type and partial pressure of 
gas 


Carbonate 
(a. u.) 


Gas 


Partial 
pressure 


Gas 


Partial 
pressure 


142 


25 


10 


F2 


152 


- 


- 


15 


9 


180 


143 


25 


10 


F2 


72 


- 


- 


11 


21 


185 


144 


25 


1 


F2 


38 


- 


- 


6 


20 


186 


145 


25 


10 


F2 


38 


- 


- 


15 


12 


180 


146 


25 


60 


F2 


38 






17 


8 


176 


147 


25 


10 


F2 


7.6 




752 


9 


24 


188 


148 


100 


10 


F2 


7.6 






13 


15 


180 


149 


25 


1 


HF 


38 






4 


40 


189 


150 


25 


10 


HF 


7.6 




752 


4 


52 


192 


151 


25 


10 


F2 


152 






15 


9 


176 


152 


25 


10 


F^ 


152 






15 


9 


179 


153 


25 


10 


F2 


152 






15 


9 


183 


Comp. 
Example 
106 














un- 
treated 


92 


199 



Tables 9 and 10 indicate that in Comparative Examples 
105 and 106, the amounts of carbonate formed on the CaO 
powder surfaces are as large as 92, while in Examples 129 to 
153, the amounts of carbonate are as small as 8 to 52. It 
is also found that the thicker the fluoride layer formed on 
the CaO powder (CaO sputtered film) surface, the smaller the 
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amount of carbonate. 

In Comparative Examples 105 and 106, the breakdown 
voltages are 206 and 199 V, respectively, while in Examples 
129 to 153, the breakdown voltages are as low as 176 to 196 
V. It is thus found that in Examples of the present 
invention, the secondary electron emitting ability is high, 
and thus the performance of PDP is improved. 

Examples 201 to 227 

First, display electrodes (thickness 5 |xm) composed of 
Ag were formed on the surface of a glass substrate having a 
thickness of 3 mm by screen printing, and then a transparent 
dielectric layer (thickness 20 nm) composed of glass was 
formed thereon by screen printing, as shown in Fig. 1. Next, 
the glass substrate was dried by maintaining in air at 150** C 
for 30 minutes, and then burned in air at 550** C for 30 
minutes . 

A film body (deposited film) was formed on the surface 
of the glass substrate by electron beeim evaporation using 
each of the various evaporated materials shown in Table 11 
by the same operation as Example 101. Then, the surface of 
the film body of the glass substrate was modified under the 
conditions shown in Table 11 to form a fluoride layer on the 
surface of the film body. The thus -obtained glass 
substrates are respectively referred to as "Examples 201 to 
227". In Examples 224 to 227, a film was deposited by using 



I 
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an evaporated material comprising MgO and 2 mol% of each of 
LaBg, LajOg, SC2O3, and Y2O3, and then modified with fluorine. 

Examples 228 to 250 

5 g of oxide powder (average particle size: about 500 
A) produced by precipitation in water was fluorinated under 
the conditions shown in Table 12 to modify the surfaces of 
the oxide powder • Namely, the surfaces of the oxide powder 
were coated with fluoride layers. The thus -obtained oxide 
powders were respectively referred to as "the oxide powders 
of Examples 228 to 250". 

On the other hand, display electrodes (thickness of 5 
|iin) made of Ag were formed on a front glass substrate having 
a thickness of 3 mm by screen printing, and then a 
transparent dielectric layer (thickness of 20 \im) made of 
glass was formed thereon by screen printing, as shown in Fig. 
3 . Next , 5% by weight oxide powder having the surface 
coated with the fluoride layer, 1.25% by weight of organic 
acid compound (which decomposes to each of the oxides shown 
in Table 12 after burning) as a binder, and 93.75% by weight 
of ethyl cellosolve as a solvent were mixed to prepare a 
dispersion for a film. The thus-prepared dispersion was 
coated on the glass substrate by spin coating to form a film 
body (spin-coated film). Furthermore, the glass substrate 
was dried by maintaining at 60* C in air for 30 minutes, and 
then burned by maintaining at 580* C in air for 10 minutes. 



The thus -formed glass substrates were respectively referred 
to as "the glass substrates of Examples 228 to 250". 

Comparative Examples 201 to 227 

A film body (deposited film) was formed on a glass 
substrate by electron beam evaporation in the same manner as 
each of Examples 201 to 227 except that the surface of the 
film body was not modified. The thus -obtained glass 
substrates were respectively referred to as "Comparative 
Examples 201 to 227". 

Comparative Examples 228 to 250 

A film body (oxide film) was formed on a glass 
substrate by spin coating in the same manner as each of 
Examples 228 to 250 except that an oxide powder having the 
unmodified surface was used. The thus -obtained oxide 
compound powders and glass substrates were respectively 
referred to as "Comparative Examples 228 to 250". 

Comparison Test 5 and Evaluation 

In each of Examples 201 to 227 and Comparative Examples 
201 to 227, the thickness of the fluoride layer formed on 
the surface of the film body on the glass substrate was 
measured by elemental analysis in the depth direction by X- 
ray photoelectron spectroscopy. 

The environment resistance of each of the film bodies 
was evaluated by difficulty in changing to carbonate. 
Specifically, a film body was allowed to stand in air (COj 
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concentration: about 300 ppm) at 40** C and humidity of 90% 
for 2 weeks, and then subjected to elemental analysis in the 
depth direction by X-ray photoelectron spectroscopy so that 
a carbonate layer was evaluated by a depth where carbon 
derived from the carbonate was observed. Namely, the 
smaller the depth, i.e., the thinner the carbonate layer, 
the more the environment resistance of a protecting film 
improves . 

Furthermore, in each of Examples 201 to 227 and 
Comparative Examples 201 to 227, the breakdown voltage of 
the film body was measured by a method in which the glass 
substrate was set in a chamber, the chamber was evacuated 
and then filled with a gas mixture of He and 2% Xe gas at 
400 Torr, and then a voltage of 10 kHZ was applied. The 
results of measurement are shown in Table 11 and 12. 
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Table 11 



Example 
No . 


Evaporated 
material 


Modification condition of film 
body surface 


Thick — 
ness of 
fluoride 
layer 
(nm) 


Environ- 
ment 
resist- 
ance 


Break- 
down 
voltage 

Vf (V) 


Temper- 
ature 


Time 
(min) 


Type 

of 

gas 


Partial 
pressure 
of gas 


Thick- 
ness of 
carbonate 
(nm) 


201 


SrO 


25 


i 


HF 


38 


16 


1 


160 


202 


BaO 


n 


n 


n 


n 


15 


1 


165 


203 


(Ca'Sr)O 


n 


n 


n 


n 


12 


2 


155 


204 


(Mg-Sr)O 


n 


n 


n 


n 


10 


2 


156 


205 


(Sr-Ba)O 


n 


n 


n 


n 


16 


1 


160 


206 


Y2O3 


n 


n 


n 


n 


8 


2 


192 


207 


GdaOa 


n 


n 


n 


n 


6 


1 


188 


208 


BY2O3 


n 


n 


n 


n 


5 


2 


182 


209 


Ce02 


n 


n 


n 


n 


10 


2 


190 


210 


LaaOa 


n 


n 


n 


n 


7 


4 


176 


211 


Yb203 


n 


n 


n 


n 


7 


3 


178 


212 


MgGd^O^ 


n 


n 


n 


n 


7 


3 


182 


213 


MgY204 


n 


n 


n 


n 


8 


3 


176 


214 


MgLa204 


n 


n 


n 


n 


6 


2 


172 


215 


CaGd204 


n 


n 


n 


n 


5 


1 


185 


216 


CaY204 


n 


n 


n 


n 


7 


1 


181 


217 


CaLa204 


n 


n 


n 




9 


2 


180 


218 


SrGd204 


n 


n 


n 


n 


10 


4 


171 


219 


SrY204 


n 


n 


n 


n 


10 


4 


168 


220 


SrLa204 


n 


n 


n 


n 


12 


3 


174 


221 


BaGd204 




n 


n 


n 


15 


3 


177 


222 


BaY204 


n 


n 


n 


n 


18 


1 


182 


223 


BaLa204 


n 


n 


n 


n 


16 


1 


180 


224 


MaO I LaBg 


n 


n 


n 


n 


10 


2 


162 


225 


MgO : LazOg 


n 


n 


n 


n 


8 


4 


158 


226 


MgO : SC2O3 


n 


n 


n 


n 


12 


5 


157 


227 


MgO:Y203 


n 


n 


n 


n 


12 


2 


158 
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Table 12 



Compar- 
at Ive 
Example 
No. 


Evaporated 


Modification condition of film 
body surface 


Thick- - 
ness of 
fluoride 
layer 
(nm) 


Environ- 
ment 
resist- 
ance 


Break- 
down 
voltage 
Vf (V) 


Temper- 
ature 
CC) 


Time 
(min) 


Type 

of 

gas 


Partial 
pressure 
of gas 


Thick- 
ness of 
carbonate 
(nm) 


201 


SrO 










_ 


22 


185 


202 


BaO 










_ 


28 


186 


203 


{Ca-Sr)0 










_ 


25 


179 


204 


(Mg-Sr)O 










_ 


22 


176 


205 


(Sr-Ba)O 










_ 


25 


191 


206 


Y2O3 










_ 


18 


213 


207 












_ 


20 


206 


208 


DY2O3 












25 


200 


209 


CeOz 










_ 


16 


198 


210 


LajOa 










_ 


19 


190 


211 












_ 


26 


208 


212 


MgGdp^ 










_ 


16 


212 


213 


MgY204 










_ 


18 


190 


214 


MgLa204 










_ 


26 . 


185 


215 


CaGd204 










- 


14 


187 


216 


CaY204 












16 


189 


217 


CaLa204 












20 


192 


218 


SrGd204 












22 


192 


219 


SrY204 












27 


185 


220 


SrLa204 












18 


195 


221 


BaGd204 












16 


202 


222 


BaY204 












14 


201 


223 


BaLa204 












24 


206 


224 


MaO : LaBg 












18 


188 


225 


MgO : La203 












14 


180 


226 


MgO : SC2O3 












16 


182 


227 


MgO:Y203 












16 


186 



Tables 11 and 12 indicate that in each of Comparative 
Examples 201 to 227, the thickness of the carbonate layer 
formed on the film body is as large as 14 to 28 nm, while in 
each of Examples 201 to 227, the thickness of the carbonate 
layer is as small as 1 to 5 nm. In Examples 201 to 227, as 
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the thickness of the fluoride layer formed on the surface of 
the film body increases, the thickness of the carbonate 
layer decreases . 

In Comparative Examples 201 to 227, the breakdown 
voltages are 176 to 213 V, respectively, while in Examples 
201 to 227 corresponding to Comparative Examples 201 to 227, 
the breakdown voltages are slightly lower values of 155 to 
192 V» It is thus found that in Examples of the present 
invention, the secondary electron emitting ability is high, 
and thus the performance of PDP is improved. 

Comparison Test 6 and Evaluation 
In Examples 228 to 250 and Comparative Examples 228 to 
250, it was difficult to measure the thickness of the 
fluoride layers formed on the surfaces of the oxide powder 
because the oxide powder was fine. Therefore, as a 
reference, the thickness of a fluoride layer formed on the 
surface a sputtered film under the same conditions as each 
of Examples and Comparative Examples was measured by 
elemental analysis in the depth direction by X-ray 
photoelectron spectroscopy . 

The environment resistance of oxide powder was 
evaluated by difficulty in changing to the carbonate in the 
same manner as Comparison Test 5. Specifically, the oxide 
powder was allowed to stand in air (CO2 concentration: about 
300 ppm) at 40** C and humidity or 90% for 2 weeks, the 
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carbonate layer on the surface of the oxide powder was 
evaluated by a relative value (a. u. : arbitrary unit) of 
absorbance at a peak near 1450 cm"^ derived from the 
carbonate in diffuse reflectance infrared spectroscopy (FT- 
IR) . The smaller the relative value of the absorbance, i.e., 
the thinner the carbonate layer, the more the environment 
resistance of the oxide powder improves. Furthermore, the 
breakdown voltage (Vf ) of each film body was measured by the 
same method as Comparison Test 5. The results of 
measurement are shown in Tables 13 and 14. 
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Table 13 



Exam- 
ple 
No. 


Dispersion for 
film 


Modification condition of oxide 
powder surface 


Thick- 
ness of 
fluo- 
ride 
layer 
(nm) 


Environ- 
ment 
resist- 
ance 


Break- 
down 
voltage 
Vf (V) 


Oxide 
powder 


Binder 


Temper- 
ature 


Time 
(min) 


Type 

Of 

gas 


Partial 
pressure 
of gas 


Carbon- 
ate (a. 
u. ) 


228 


SrO 


SrO 


25 


10 


HF/Nj 


8/752 


6 


18 


183 


229 


BaO 


BaO 


n 


n 


n 


n 


7 


16 


198 


230 


(Ca-Sr)O 


{Ca-Sr)0 


n 


n 


n 


n 


8 


25 


180 


231 


(Mg-Sr)O 


(Mg-Sr)O 


n 


n 


n 


n 


5 


17 


185 


232 


(Sr-Ba)O 


(Sr-Ba)O 


n 


n 


n 


n 


6 


18 


184 


233 


Y2O3 


Y2O3 


n 


n 


n 


n 


4 


16 


216 


234 




Gd203 


n 


n 


n 


n 


5 


20 


201 


235 




DYzOa 


n 


fi 


n 


n 


6 


20 


206 


236 




i>y203 


n 


n 


n 


n 


8 


31 


210 


237 


CeOa 


CeOz 


n 


n 


n 


n 


7 


32 


221 


238 




La203 


n 


n 


n 


n 


5 


25 


209 


239 


MgGd204 


MgGd204 


n 


n 


n 


n 


4 


20 


209 


240 


MgY^O^ 


MgY204 


n 


n 


n 


n 


3 


18 


196 


241 


MgLa204 


MgLa204 


n 


n 


n 


n 


4 


25 


198 


242 


CaGd204 


CaGd204 


It 


n 


n 


n 


5 


22 


195 


243 


CaY204 


CaY204 


n 


n 


n 


n 


6 


16 


193 


244 


CaLa204 


CaLa204 


n 


n 


n 


n 


8 


14 


190 


245 


SrGd204 


SrGd204 


n 


n 


n 


n 


8 


26 


186 


246 


SrY204 


SrY204 


n 


n 


n 


n 


9 


20 


189 


247 


SrLa204 


SrLa204 


n 


n 


n 


n 


10 


21 


194 


248 


BaGd204 


BaGd204 


n 


n 


n 


n 


11 


23 


197 


249 


BaY204 


BaY204 


n 


n 


n 


n 


7 


27 


203 


250 


BaLa204 


BaLa204 


n 


n 


n 


n 


11 


19 


200 
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Table 14 



Comp . 
Exam- 
ple 
No. 


Dispersion for 
film 


Modification condition of oxide 
powder surface 


Thick- 
ness of 
fluo- 
ride 


Environ- 
ment 
resist- 
ance 


Break- 
down 
voltage 
Vf (V) 




Oxide 
powder 


Binder 


Temper- 
ature 
C c) 


Time 
(min) 


Type 

of 

aas 


Partial 
pressure 
of gas 


layer 
(nm) 


Carbon- 
ate (a. 
u. ) 




228 


SrO 


SrO 










- 


101 


201 


229 


BaO 


BaO 








_ 


- 


103 


213 


230 


(Ca-Sr)O 


(Ca-Sr)O 








_ 


- 


92 


196 


231 


{Mg-Sr)0 


(Mg-Sr)O 








_ 


- 


90 


190 


232 


(Sr-Ba)O 


(Sr*Ba)0 










- 


106 


198 


233 


Y2O3 


Y2O3 










- 


100 


232 


234 




Gd203 






— z — ' 




- 


115 


216 


235 




DYzOa 








_ 


- 


121 


218 


236 




Dy203 




_ 


_ 


_ 


- 


130 


230 


237 


CeOz 


Ce02 


_ 


_ 


_ 




- 


140 


232 


238 


LaaOg 


La203 


_ 


_ 


_ 


_ 


- 


121 


240 


239 


MgGd^O^ 


MgGd204 




_ 


_ 


_ 


- 


120 


216 


240 


MgY^O, 


MgY204 


- 


_ 


- 


- 


- 


109 


200 


241 


MgLa204 


MgLa204 










- 


98 


209 


242 


CaGd204 


CaGd204 










- 


95 


212 


243 


CaYp^ 


CaY204 












107 


210 


244 


CaLa204 


CaLa204 












112 


199 


245 


SrGd204 


SrGd204 












96 


196 


246 


SrY204 


SrY204 












89 


196 


247 


SrLa204 


SrLa204 












80 


200 


248 


BaGd204 


BaGd204 












92 


212 


249 


BaY204 


BaY204 












96 


210 


250 


BaLa204 


BaLa204 












108 


211 



Tables 13 and 14 indicate that in Comparative Examples 



228 to 250, the amounts of carbonate formed on the oxide 
powder surfaces are as large as 80 to 140, while in Examples 
228 to 250, the amounts of carbonate are as small as 14 to 
32. 

In Comparative Examples 228 to 250, the breakdown 
voltages are 190 to 240 V, while in Examples 228 to 250 
corresponding to Comparative Examples 228 to 250, the 
breakdown voltages are as low as 180 to 221 V. It is thus 
found that in Examples of the present invention, the 
secondary electron emitting ability is high, and thus the 
performance of PDP is improved. 

Example 301 

First, as shown in Fig. 1, display electrodes 
(thickness of 5 urn) made of Ag were foirmed on a front glass 
substrate having a thickness of 3 mm by screen printing, and 
then a transparent dielectric layer (thickness of 20 \un) 
made of glass was formed thereon by screen printing. Next, 
the glass substrate was dried by maintaining in air at 150** C 
for 30 minutes, and then burned by maintaining in air at 
550* C for 30 minutes. 

Then, using MgO sintered pellets having a purity of 
99.8%, MgO films were deposited in a vacuum by electron beam 
evaporation to cover the surface of the transparent 
dielectric layer of the glass substrate, to form the film 
body. The deposition conditions for the film body included 
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an acceleration voltage of 15 kV, a deposition pressure of 1 
X 10"^ Pa, and a deposition distance of 600 nm. After the 
glass substrate was exposed to air, the film body was burned 
in air at 350** C for 1 hour together with the glass substrate 
to activate the film body. The thus -obtained glass 
substrate was referred to as "Example 301". 

Example 302 

A glass substrate was formed by the same method as 
Example 301 except that the burning temperature of the film 
body was 400** C. The thus-obtained glass substrate was 
referred to as "Example 302". 

Example 303 

A glass substrate was formed by the same method as 
Example 301 except that the burning temperature of the film 
body was 450** C. The thus-obtained glass substrate was 
referred to as "Example 303". 

Example 304 

A glass substrate was formed by the same method as 
Example 301 except that the burning temperature of the film 
body was 400** C, and the burning time was 10 minutes. The 
thus-obtained glass substrate was referred to as "Example 
304" . 

Example 305 

A glass substrate was formed by the same method as 
Example 301 except that the burning temperature of the film 
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body was 400* C, and the burning time was 5 hours. The thus- 
obtained glass substrate was referred to as "Example 305" . 

Excunple 306 

A glass substrate obtained by the same method as 
Example 304 was maintained in a HF gas atmosphere 
(temperature 25* C) at pressure of 38 Torr for 10 minutes to 
modify the surface of the film body, to form a fluoride 
layer on the surface of the film body. The thus -obtained 
glass substrate was referred to as "Example 306". 

Excimple 307 

A glass substrate was formed by the same method as 
Example 306 except that the glass substrate was not exposed 
to air after evaporation, and not activated by heating. The 
thus -obtained glass substrate was referred to as "Example 
307" . 

Comparative Example 301 
A glass substrate was formed by the same method as 
Example 301 except that the film body was not burned 
(unburned) . The thus-obtained glass substrate was referred 
to as "Comparative Example 301" . 

Comparison Test 7 and Evaluation 
The glass substrate of each of Examples 301 to 307 and 
Comparative Example 301 was allowed to stand in air so that 
an amount of contamination of the film body (mainly, 
contamination with H^O and CO2 in air) was measured at 
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predetermined time intervals . The amount of contamination 
was determined by an approximate total amount of the gases 
exhausted from room temperature to 1000** C, which was 
measured by monitoring changes in pressure in a vacuum 
chamber in which each of the glass substrates was heated 
from room temperature to 1000** C. The results are shown in 
Figs. 6 to 8. 

Fig. 6 reveals that in Comparative Example 301, the 
amount of contamination is rapidly increased by allowing the 
glass substrate to stand in air, while in Examples 301 to 
303, the amount of contamination increases a little. It is 
also found that the amount of contamination in Example 303 
having the higher burning temperature less increases than in 
Example 301 having the lower burning temperature. 

Fig. 7 reveals that the amount of contamination in 
Example ^h.vin, t.e longer burning ti-e less Increases 
than in Example 304 having the shorter burning time. 

Fig. 8 reveals that fluorination significantly 
decreases the amount of contamination, and fluorination 
without exposure to air has the higher effect of decreasing 
contamination . 

Excimple 401 

First, as shown in Fig. 5, display electrodes 
(thickness of 5 nm) made of Ag were formed on a front glass 
substrate having a thickness of 3 mm by screen printing, and 
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then a transparent dielectric layer (thickness of 20 jim) 
made of glass was formed thereon by screen printing. Next, 
the glass substrate was dried by maintaining in air at 150* C 
for 30 minutes, and then burned by maintaining in air at 
550* C for 30 minutes. 

Then, MgO sintered pellets having a purity of 99.8% 
were deposited in a vacuum by electron beam evaporation to 
cover the surface of the transparent dielectric layer 17 of 
the glass substrate, to form a protecting film composed of 
MgO. The deposition conditions for the protecting film body 
included an acceleration voltage of 15 kV, a deposition 
pressure of 1 x 10'^ Pa, and a deposition distance of 600 nm. 
The glass substrate was maintained in a F2 gas atmosphere 
(temperature 25* C) at pressure of 152 Torr for 10 minutes to 
modify the surface of the protecting film, to form a 
fluoride layer 55 of the protecting film. The thus -obtained 
glass substrate was referred to as "Example 401". 

Example 402 

A protecting film was formed on the surface of a glass 
substrate by electron beam evaporation in the same manner as 
Exemiple 401, and the glass substrate was then maintained in 
a F2 gas atmosphere (temperature 25* C) at pressure of 76 Torr 
for 10 minutes to modify the surface of the protecting film, 
to form a fluoride layer on the surface of the protecting 
film. The thus -obtained glass substrate was referred to as 
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"Example 402". 

Example 403 

A protecting film was formed on the surface of a glass 
substrate by electron beam evaporation in the same manner as 
Example 401, and the glass substrate was then maintained in 
a F2 gas atmosphere (temperature 25** C) at pressure of 38 Torr 
for 1 minute to modify the surface of the protecting film, 
to form a fluoride layer on the surface of the protecting 
film. The thus -obtained glass substrate was referred to as 
"Example 403". 

Example 404 

A protecting film was formed on the surface of a glass 
substrate by electron beam evaporation in the same manner as 
Example 401, and the glass substrate was then maintained in 
a F2 gas atmosphere (temperature 25** C) at pressure of 38 Torr 
for 10 minutes to modify the surface of the protecting film, 
to form a fluoride layer on the surface of the protecting 
film. The thus -obtained glass substrate was referred to as 
"Example 404". 

Example 405 

A protecting film was formed on the surface of a glass 
substrate by electron beam evaporation in the same manner as 
Example 401, and the glass substrate was then maintained in 
a F2 gas atmosphere (temperature 25** C) at pressure of 38 Torr 
for 60 minutes to modify the surface of the protecting film. 
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to form a fluoride layer on the surface of the protecting 
film. The thus -obtained glass substrate was referred to as 
"Example 405" . 

Example 406 

A protecting film was formed on the surface of a glass 
substrate by electron beam evaporation in the same manner as 
Example 401, and the glass substrate was then maintained in 
a gas atmosphere (temperature 25* C) at pressure of 7.6 
Torr for 10 minutes to modify the surface of the protecting 
film, to form a fluoride layer on the surface of the 
protecting film. The thus -obtained glass substrate was 
referred to as "Example 406". 

Example 407 

A protecting film was formed on the surface of a glass 
substrate by electron beam evaporation in the same manner as 
Example 401, and the glass substrate was then maintained in 
an atmosphere (temperature 25° C) of a gas mixture containing 

gas at partial pressure of 7.6 Torr and gas at partial 
pressure of 752 Torr for 10 minutes to modify the surface of 
the protecting film, to form a fluoride layer on the surface 
of the protecting film. The thus-obtained glass substrate 
was referred to as "Exeunple 407". 

Example 408 

A protecting film was formed on the surface of a glass 
substrate by electron beam evaporation in the same manner as 
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Example 401, and the glass substrate was then maintained in 
a F2 gas atmosphere (temperature 100* C) at pressure 7.6 Torr 
for 10 minutes to modify the surface of the protecting film, 
to form a fluoride layer on the surface of the protecting 
film. The thus -obtained glass substrate was referred to as 
"Example 408". 

Example 409 

A protecting film was formed on the surface of a glass 
substrate by electron beam evaporation in the same manner as 
Example 401, and the glass substrate was then maintained in 
a HF gas atmosphere (temperature 25* C) at pressure of 38 
Torr for 1 minute to modify the surface of the protecting 
film, to form a fluoride layer on the surface of the 
protecting film. The thus -obtained glass substrate was 
referred to as "Example 409". 

Example 410 

A protecting film was formed on the surface of a glass 
substrate by electron beam evaporation in the same manner as 
Example 401, and the glass substrate was then maintained in 
an atmosphere (temperature 25* C) of a gas mixture containing 
HF gas at partial pressure of 7.6 Torr and gas at partial 
pressure of 752 Torr for 10 minutes to modify the surface of 
the protecting film, to form a fluoride layer on the surface 
of the protecting film. The thus -obtained glass substrate 
was referred to as "Example 410". 
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Example 411 

A protecting film was foirmed on the surface of a glass 
substrate by electron beam evaporation in the seime manner as 
Example 401, and the glass substrate was then maintained in 
a BF3 gas atmosphere (temperature 25* C) at pressure of 7.6 
Torr for 10 minutes to modify the surface of the protecting 
film, to form a fluoride layer on the surface of the 
protecting film. The thus-obtained glass substrate was 
referred to as "Example 411". 

Example 412 

A protecting film was formed on the surface of a glass 
substrate by electron beam evaporation in the same manner as 
Example 401, and the glass substrate was then maintained in 
a SbFs gas atmosphere (temperature 25** C) at pressure of 7.6 
Torr for 10 minutes to modify the surface of the protecting 
film, to form a fluoride layer on the surface of the 
protecting film. The thus-obtained glass substrate was 
referred to as "Example 412". 

Example 413 

A protecting film was formed on the surface of a glass 
substrate by electron beam evaporation in the same manner as 
Example 401, and the glass substrate was then maintained in 
a SFg gas atmosphere (temperature 25** C) at pressure of 7.6 
Torr for 10 minutes to modify the surface of the protecting 
film, to form a fluoride layer on the surface of the 
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protecting film. The thus -obtained glass substrate was 
referred to as "Example 413". 

Example 414 

After a glass substrate with electrodes was formed by 
the same method as Example 401, a protecting film was formed 
on the surface of the glass substrate by sputtering using a 
5- inch size MgO target having a purity of 99.99% (4N) to 
cover the surface of the transparent dielectric layer of the 
glass substrate. The deposition conditions for the 
protecting film includes a high-frequency output of 1 kW, a 
sputtering pressure of 1.33 Pa, an oxygen concentration of 
10% relatively argon gas, and a substrate temperature of 
150^ C. 

Next, the glass substrate was maintained in a F2 gas 
atmosphere by the same method as Example 401 to modify the 
surface of the protecting film, to form a fluoride layer on 
the surface of the protecting film. The thus-obtained glass 
substrate was referred to as "Example 414". 

Example 415 

A protecting film was formed on the surface of a glass 
substrate by sputtering in the same manner as Example 414, 
and the glass substrate was then maintained in a HF gas 
atmosphere (temperature 25** C) at pressure of 38 Torr for 1 
minute to modify the surface of the protecting film, to form 
a fluoride layer on the surface of the protecting film. The 



thus-obtained glass substrate was referred to as "Example 
415" . 

Example 416 

First, display electrodes (thickness of 5 \m) made of 
Ag were formed on a front glass substrate having a thickness 
of 3 mm by screen printing, and then the transparent 
dielectric layer (thickness of 20 [xia) made of glass was 
formed thereon by screen printing. Next, 79% by weight of 
organic acid magnesium (Magnesium Naphthenate, produced by 
Nihon Kagaku Sangyo Co., ltd.) as a binder containing a MgO 
component, 2% by weight of ethyl cellulose as a binder 
containing no MgO component, and 19% by weight of a- 
terpineol as a solvent were mixed to prepare MgO paste. The 
thus-prepared MgO paste was coated on the glass substrate by 
screen printing to form a protecting film. 

Next, the glass substrate was dried by maintaining at 
150* C in air for 30 minutes, and then burned by maintaining 
at 550* C in air for 30 minutes. Furthermore, the glass 
substrate was maintained in a F2 gas atmosphere (temperature 
25* C) at pressure of 152 Torr for 10 minutes to modify the 
surface of the protecting film, to form a fluoride layer on 
the surface of the protecting film. The thus -formed glass 
substrate was referred to as "Example 416". 

Example 417 

A protecting film was formed on the surface of a glass 
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substrate by screen printing in the same manner as Example 
416, dried and then burned. Then the glass substrate was 
maintained in a HF gas atmosphere (temperature 25° C) at 
pressure of 38 Torr for 1 minute to modify the surface of 
the protecting, to form a fluoride layer on the surface of 
the protecting film. The thus -formed glass substrate was 
referred to as "Example 417". 

Example 418 

5% by weight of MgO powder (produced by Ube Materials) 
produced by a vapor phase method and having an average 
particle size of 100 A, 75% by weight of organic acid 
magnesium (Magnesium Naphthenate, produced by Nihon Kagaku 
Sangyo Co., ltd.) and 2% by weight of ethyl cellulose as a 
binder for a MgO component, and 18% by weight of a-terpineol 
as a solvent were mixed to prepare MgO paste containing 
powder. The thus -prepared MgO paste containing powder was 
used for forming a protecting film on the glass substrate by 
the same method as Example 416. Furthermore, the surface of 
the protecting film was modified to form a fluoride layer on 
the surface thereof. The thus-formed glass substrate was 
referred to as "Example 418". 

Example 419 

First, display electrodes (thickness of 5 jim) made of 
Ag were formed on a front glass substrate having a thickness 
of 3 mm by screen printing, and then a transparent 
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dielectric layer (thickness of 20 \xia) made of glass was 
formed thereon by screen printing ♦ Next, 1.25% by weight of 
magnesixim diethoxide as a binder containing a MgO component 
and 98.75% by weight of methyl cellosolve as a solvent were 
mixed to prepare a uniform MgO coating solution. The thus- 
prepared coating solution was coated on the glass substrate 
by spin coating to form a protecting film. 

Next, the glass substrate was dried by maintaining at 
60** C in air for 30 minutes, and then burned by maintaining 
at 580** C in air for 10 minutes. Furthermore, the glass 
substrate was maintained in a F2 gas atmosphere (temperature 
25* C) at pressure of 152 Torr for 10 minutes to modify the 
surface of the protecting film, to form a fluoride layer on 
the surface of the protecting film. The thus-formed glass 
substrate was referred to as "Example 419". 

Example 420 

A protecting^ film was ~f orTned~"ofr~the~suf^f a^^^ 
substrate by spin coating in the same manner as Example 419, 
dried and then burned. Then the glass substrate was 
maintained in a HP gas atmosphere (temperature 2 5** C) at 
pressure of 38 Torr for 1 minute to modify the surface of 
the protecting, to form a fluoride layer on the surface of 
the protecting film. The thus -formed glass substrate was 
referred to as "Example 420". 

Example 421 
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5% by weight of MgO powder (produced by Ube Materials) 
produced by a vapor phase method and having an average 
particle size of 100 A, 1,25% by weight of magnesium 
diethoxide as a binder for a MgO component, and 93.75% by 
weight of methyl cellosolve as a solvent were mixed to 
prepare a uniform MgO coating solution containing powder. 
The thus -prepared coating solution was used for forming a 
protecting film on the glass substrate by the same method as 
Example 419. Furthermore, the surface of the protecting 
film was modified to form a fluoride layer on the surface 
thereof. The thus-formed glass substrate was referred to as 
"Example 421". 

Example 422 

Using CaO sintered pellets having a purity of not less 
than 99.5%, CaO films were deposited by electron beam 
evaporation to cover the surface of a transparent dielectric 
layer i7~o"f a glass subs trat^^^^ film by 

the same method as Example 401. The glass substrate was 
further maintained in a HF gas atmosphere (temperature 25** C) 
at pressure of 38 Torr for 1 minute to modify the surface of 
the protecting film by the same method as Example 409, to 
form a fluoride layer on the surface of the protecting film. 
The thus -formed glass substrate was referred to as "Example 
422" . 

Example 423 
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A protecting film composed of SrO was formed by the 
same method as Example 422 except that SrO sintered pellets 
having a purity of not less than 99.5% were used, and the 
surface of the protecting film was modified by the Scune 
method as Example 422 to form a fluoride layer on the 
surface of the protecting film. The thus-formed glass 
substrate was referred to as "Example 423". 

Example 424 

A protecting film composed of BaO was formed by the 
same method as Example 422 except that BaO sintered pellets 
having a purity of not less than 99.5% were used, and the 
surface of the protecting film was modified by the same 
method as Example 422 to form a fluoride layer on the 
surface of the protecting film. The thus -formed glass 
substrate was referred to as "Example 424". 

Example 425 

A protecting film composed of (Ca-5r)0 was formed by 
the same method as Example 422 except that (Ca*Sr)0 sintered 
pellets having a purity of not less than 99.5% were used, 
and the surface of the protecting film was modified by the 
same method as Example 422 to form a fluoride layer on the 
surface of the protecting film. The thus-formed glass 
substrate was referred to as "Example 425". 

Example 426 

A protecting film composed of (Mg*Sr)0 was formed by 
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the same method as Example 422 except that (Mg*Sr)0 sintered 
pellets having a purity of not less than 99.5% were used, 
and the surface of the protecting film was modified by the 
same method as Example 422 to form a fluoride layer on the 
surface of the protecting film. The thus -formed glass 
substrate was referred to as "Example 426". 

Example 427 

A protecting film composed of (Sr'Ba)O was formed by 
the same method as Example 422 except that (Sr*Ba)0 sintered 
pellets having a purity of not less than 99.5% were used, 
and the surface of the protecting film was modified by the 
same method as Example 422 to form a fluoride layer on the 
surface of the protecting film. The thus-formed glass 
substrate was referred to as "Example 427". 

Example 428 

A protecting film composed of Y2O3 was formed by the 
same method as Example 422 except that Y2O3 sintered pellets 
having a purity of not less than 99.5% were used, and the 
surface of the protecting film was modified by the same 
method as Example 422 to form a fluoride layer on the 
surface of the protecting film. The thus-formed glass 
substrate was referred to as "Example 428". 

Example 429 

A protecting film composed of Gd203 was formed by the 
same method as Example 422 except that Gd203 sintered pellets 
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having a purity of not less than 99.5% were used, and the 
surface of the protecting film was modified by the same 
method as Example 422 to form a fluoride layer on the 
surface of the protecting film. The thus-formed glass 
substrate was referred to as "Example 429". 

Example 430 

A protecting film composed of DyaOa was formed by the 
same method as Example 422 except that Dy203 sintered pellets 
having a purity of not less than 99.5% were used, and the 
surface of the protecting film was modified by the same 
method as Example 422 to form a fluoride layer on the 
surface of the protecting film. The thus-formed glass 
substrate was referred to as "Example 430". 

Example 431 

A protecting film composed of Ce02 was formed by the 
same method as Example 422 except that CeOz sintered pellets 
having a purity of not less than 99.5% were used, and the 
surface of the protecting film was modified by the same 
method as Example 422 to form a fluoride layer on the 
surface of the protecting film. The thus-formed glass 
substrate was referred to as "Example 431". 

Example 432 

A protecting film composed of LaaOa was formed by the 
same method as Example 422 except that LajOg sintered pellets 
having a purity of not less than 99.5% were used, and the 
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surface of the protecting film was modified by the same 
method as Example 422 to form a fluoride layer on the 
surface of the protecting film. The thus-formed glass 
substrate was referred to as "Example 432". 

Example 433 

A protecting film composed of YbzOj was formed by the 
same method as Example 422 except that YbzOa sintered pellets 
having a purity of not less than 99.5% were used, and the 
surface of the protecting film was modified by the same 
method as Example 422 to form a fluoride layer on the 
surface of the protecting film. The thus-formed glass 
substrate was referred to as "Example 433". 

Example 434 

A protecting film composed of MgGd204 was formed by the 
same method as Example 422 except that MgGd204 sintered 
pellets having a purity of not less than 99.5% were used, 
and the surface of the protecting film was modified by the 
same method as Example 422 to form a fluoride layer on the 
surface of the protecting film. The thus-formed glass 
substrate was referred to as "Example 434". 

Example 435 

A protecting film composed of MgY204 was formed by the 
same method as Example 422 except that MgY204 sintered 
pellets having a purity of not less than 99.5% were used, 
and the surface of the protecting film was modified by the 
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same method as Example 422 to form a fluoride layer on the 
surface of the protecting film. The thus-formed glass 
substrate was referred to as "Example 435". 

Example 436 

A protecting film composed of MgLa204 was formed by the 
same method as Example 422 except that MgLa204 sintered 
pellets having a purity of not less than 99.5% were used, 
and the surface of the protecting film was modified by the 
same method as Example 422 to form a fluoride layer on the 
surface of the protecting film. The thus -formed glass 
substrate was referred to as "Example 436". 

Example 437 

A protecting film composed of CaGd204 was formed by the 
same method as Example 422 except that CaGd204 sintered 
pellets having a purity of not less than 99.5% were used, 
and the surface of the protecting film was modified by the 
same method as Example 422 to form a fluoride layer on the 
surface of the protecting film. The thus -formed glass 
substrate was referred to as "Example 437". 

Example 438 

A protecting film composed of CaY204 was formed by the 
Scime method as Example 422 except that CaY204 sintered 
pellets having a purity of not less than 99.5% were used, 
and the surface of the protecting film was modified by the 
same method as Example 422 to form a fluoride layer on the 
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surface of the protecting film. The thus -formed glass 
substrate was referred to as "Example 438". 

Example 439 

A protecting film composed of CaLa204 was formed by the 
same method as Example 422 except that CaLa204 sintered 
pellets having a purity of not less than 99.5% were used, 
and the surface of the protecting film was modified by the 
same method as Example 422 to form a fluoride layer on the 
surface of the protecting film. The thus-formed glass 
substrate was referred to as "Example 439". 

Example 440 

A protecting film composed of SrGd204 was formed by the 
same method as Example 422 except that SrGd204 sintered 
pellets having a purity of not less than 99.5% were used, 
and the surface of the protecting film was modified by the 
same method as Example 422 to form a fluoride layer on the 
surface of the protecting film. The thus-formed glass 
substrate was referred to as "Example 440". 

Example 441 

A protecting film composed of SrY204 was formed by the 
same method as Example 422 except that SrY204 sintered 
pellets having a purity of not less than 99.5% were used, 
and the surface of the protecting film was modified by the 
same method as Example 422 to form a fluoride layer on the 
surface of the protecting film. The thus -formed glass 




- 121 - 

substrate was referred to as "Example 441". 

Example 442 

A protecting film composed of SrLa204 was formed by the 
same method as Example 422 except that SrLa204 sintered 
pellets having a purity of not less than 99.5% were used, 
and the surface of the protecting film was modified by the 
same method as Example 422 to form a fluoride layer on the 
surface of the protecting film. The thus-formed glass 
substrate was referred to as "Example 442". 

Example 443 

A protecting film composed of BaGd204 was formed by the 
same method as Example 422 except that BaGd204 sintered 
pellets having a purity of not less than 99.5% were used, 
and the surface of the protecting film was modified by the 
same method as Example 422 to form a fluoride layer on the 
surface of the protecting film. The thus-formed glass 
substrate was referred to as "Example 443". 

Example 444 

A protecting film composed of BaY204 was formed by the 
same method as Example 422 except that BaY204 sintered 
pellets having a purity of not less than 99.5% were used, 
and the surface of the protecting film was modified by the 
same method as Example 422 to form a fluoride layer on the 
surface of the protecting film. The thus-formed glass 
substrate was referred to as "Example 444". 
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Example 44 5 

A protecting film composed of BaLa204 was formed by the 
same method as Example 422 except that BaLa204 sintered 
pellets having a purity of not less than 99.5% were used, 
and the surface of the protecting film was modified by the 
same method as Example 422 to form a fluoride layer on the 
surface of the protecting film. The thus -formed glass 
substrate was referred to as "Excimple 445". 

Example 446 

A protecting film composed of MaOiLaBg was formed by the 
same method as Example 422 except that MaOiLaB^ sintered 
pellets having a purity of not less than 99.5% were used, 
and the surface of the protecting film was modified by the 
same method as Example 422 to form a fluoride layer on the 
surface of the protecting film. The thus -formed glass 
substrate was referred to as "Example 446". 

Example 447 

A protecting film composed of MaOrLaaOa was formed by 
the same method as Example 422 except that MgOiLajOa sintered 
pellets having a purity of not less than 99.5% were used, 
and the surface of the protecting film was modified by the 
same method as Example 422 to form a fluoride layer on the 
surface of the protecting film. The thus -formed glass 
substrate was referred to as "Example 447". 

Example 448 
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A protecting film composed of MaOiSCjOg was formed by 
the same method as Example 422 except that MgOiSCjOa sintered 
pellets having a purity of not less than 99.5% were used, 
and the surface of the protecting film was modified by the 
same method as Example 422 to form a fluoride layer on the 
surface of the protecting film. The thus-formed glass 
substrate was referred to as "Example 448". 

Example 449 

A protecting film composed of MaOrYaOg was formed by the 
same method as Example 422 except that MgOiYaOa sintered 
pellets having a purity of not less than 99.5% were used, 
and the surface of the protecting film was modified by the 
same method as Example 422 to form a fluoride layer on the 
surface of the protecting film. The thus-formed glass 
substrate was referred to as "Example 449". 

Comparative Example 401 

A protecting film was formed on the surface of a glass 
substrate by electron beam evaporation in same manner as 
Example 401 except that the surface of the protecting film 
was not modified. The thus -formed glass substrate was 
referred to as "Comparative Example 401". 

Comparative Example 402 

A protecting film was formed on the surface of a glass 
substrate by sputtering in same manner as Example 414 except 
that the surface of the protecting film was not modified. 
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The thus -formed glass substrate was referred to as 
"Comparative Example 402". 

Comparative Example 403 

A protecting film was formed on the surface of a glass 
substrate by screen printing, dried and then burned in same 
manner as Excimple 416 except that the surface of the 
protecting film was not modified. The thus-formed glass 
substrate was referred to as "Comparative Example 403". 

Comparative Example 404 

A protecting film was formed on the surface of a glass 
substrate by screen printing, dried and then burned in same 
manner as Example 418 except that the surface of the 
protecting film was not modified. The thus-formed glass 
substrate was referred to as "Comparative Example 404". 

Compar at i ve Example 405 

A protecting film was formed on the surface of a glass 
substrate by spin coating, dried and then burned in same 
manner as Example 419 except that the surface of the 
protecting film was not modified. The thus-formed glass 
substrate was referred to as "Comparative Example 405". 

Comparative Example 406 

A protecting film was formed on the surface of a glass 
substrate by spin coating, dried and then burned in same 
manner as Example 421 except that the surface of the 
protecting film was not modified. The thus-formed glass 
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substrate was referred to as "Comparative Example 406". 

Comparative Example 407 

CaO sintered pellets having a purity of not less than 
99,5% were deposited by electron beam evaporation to cover 
the surface of a transparent dielectric layer of a glass 
substrate to form a protecting film composed of CaO by the 
same method as Example 401 except that the surface of the 
protecting film was not modified. The thus -formed glass 
substrate was referred to as "Comparative Example 407". 

Comparative Example 408 

A protecting film composed of SrO was formed by the 
same method as Comparative Example 407 except that SrO 
sintered pellets having a purity of not less than 99.5% were 
used, to form a glass substrate. The thus-formed glass 
substrate was referred to as "Comparative Example 408". 

Comparative Example 409 

A protecting film composed of BaO was formed by the 
same method as Comparative Exeimple 407 except that BaO 
sintered pellets having a purity of not less than 99.5% were 
used, to form a glass substrate. The thus-formed glass 
substrate was referred to as "Comparative Example 409". 

Comparative Example 410 

A protecting film composed of {Ca*Sr)0 was formed by 
the same method as Comparative Example 407 except that 
(Ca'Sr)O sintered pellets having a purity of not less than 



99.5% were used, to form a glass substrate. The thus-formed 
glass substrate was referred to as "Comparative Example 
410" . 

Comparative Example 411 
A protecting film composed of (Mg'Sr)O was formed by 
the same method as Comparative Example 407 except that 
(Mg*Sr)0 sintered pellets having a purity of not less than 
99.5% were used, to form a glass substrate. The thus-formed 
glass substrate was referred to as "Comparative Example 
411". 

Comparative Example 412 
A protecting film composed of (Sr*Ba)0 was formed by 
the same method as Comparative Example 407 except that 
(Sr*Ba)0 sintered pellets having a purity of not less than 
99.5% were used, to form a glass substrate. The thus-formed 
glass substrate was referred to as "Comparative Example 
412" . 

Comparative Example 413 
A protecting film composed of Y2O3 was formed by the 
same method as Comparative Example 407 except that Y2O3 
sintered pellets having a purity of not less than 99.5% were 
used, to form a glass substrate. The thus -formed glass 
substrate was referred to as "Comparative Example 413". 

Comparative Example 414 
A protecting film composed of GdsOa was formed by the 
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same method as Comparative Example 407 except that GdaOg 
sintered pellets having a purity of not less than 99.5% were 
used, to form a glass substrate. The thus-formed glass 
substrate was referred to as "Comparative Example 414". 

Comparat ive Example 415 

A protecting film composed of Dy203 was formed by the 
same method as Comparative Example 407 except that DyjOa 
sintered pellets having a purity of not less than 99.5% were 
used, to form a glass substrate. The thus-formed glass 
substrate was referred to as "Comparative Example 415". 

Comparative Example 416 

A protecting film composed of CeOj was formed by the 
same method as Comparative Example 407 except that Ce02 
sintered pellets having a purity of not less than 99.5% were 
used, to form a glass substrate. The thus-formed glass 
substrate was referred to as "Comparative Example 416". 

Comparative Example 417 

A protecting film composed of La203 was formed by the 
same method as Comparative Example 407 except that La203 
sintered pellets having a purity of not less than 99.5% were 
used, to form a glass substrate. The thus-formed glass 
substrate was referred to as "Comparative Exeunple 417". 

Comparative Example 418 

A protecting film composed of YbjOa was formed by the 
same method as Comparative Example 407 except that Yb203 
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sintered pellets having a purity of not less than 99.5% were 
used, to form a glass substrate. The thus-formed glass 
substrate was referred to as "Comparative Example 418". 

Comparative Example 419 

A protecting film composed of MgGd204 was formed by the 
same method as Comparative Example 407 except that MgGd204 
sintered pellets having a purity of not less than 99.5% were 
used, to form a glass substrate. The thus -formed glass 
substrate was referred to as "Comparative Example 419". 

Comparative Example 420 

A protecting film composed of MgY204 was formed by the 
same method as Comparative Example 407 except that MgY204 
sintered pellets having a purity of not less than 99.5% were 
used, to form a glass substrate. The thus-formed glass 
substrate was referred to as "Comparative Example 420". 

Comparative Example 421 

A protecting film composed of MgLa204 was formed by the 
same method as Comparative Example 407 except that MgLajO^ 
sintered pellets having a purity of not less than 99.5% were 
used, to form a glass substrate. The thus-formed glass 
substrate was referred to as "Comparative Example 421". 

Comparative Example 422 

A protecting film composed of CaGd204 was formed by the 
same method as Comparative Example 407 except that CaGd204 
sintered pellets having a purity of not less than 99.5% were 
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used, to form a glass substrate. The thus-formed glass 
substrate was referred to as "Comparative Example 422". 

Comparative Example 423 

A protecting film composed of CaY204 was formed by the 
same method as Comparative Example 407 except that CaY204 
sintered pellets having a purity of not less than 99.5% were 
used, to form a glass substrate. The thus-formed glass 
substrate was referred to as "Comparative Example 423". 

Comparative Example 424 

A protecting film composed of CaLa204 was formed by the 
same method as Comparative Example 407 except that Cala204 
sintered pellets having a purity of not less than 99.5% were 
used, to form a glass substrate. The thus-formed glass 
substrate was referred to as "Comparative Example 424". 

Comparative Example 425 

A protecting film composed of SrGd204 was formed by the 
same method as Comparative Example 407 except that 5rGd204 
sintered pellets having a purity of not less than 99.5% were 
used, to form a glass substrate. The thus-formed glass 
substrate was referred to as "Comparative Example 425". 

Comparative Example 426 

A protecting film composed of SrY204 was formed by the 
same method as Comparative Example 407 except that SrY204 
sintered pellets having a purity of not less than 99.5% were 
used, to form a glass substrate. The thus-formed glass 
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substrate was referred to as "Comparative Example 426". 

Comparative Example 427 

A protecting film composed of SrLa204 was formed by the 
same method as Comparative Example 407 except that SrLazO^ 
sintered pellets having a purity of not less than 99.5% were 
used, to form a glass substrate. The thus-formed glass 
substrate was referred to as "Comparative Example 427". 

Comparative Example 428 

A protecting film composed of BaGd204 was formed by the 
same method as Comparative Example 407 except that BaGd204 
sintered pellets having a purity of not less than 99.5% were 
used, to form a glass substrate. The thus-formed glass 
substrate was referred to as "Comparative Example 428". 

Comparative Example 4 29 

A protecting film composed of BaY204 was formed by the 
same method as Comparative Example 407 except that BaY204 
sintered pellets having a purity of not less than 99.5% were 
used, to form a glass substrate. The thus-formed glass 
substrate was referred to as "Comparative Example 429". 

Comparative Example 430 

A protecting film composed of BaLa204 was formed by the 
same method as Comparative Example 407 except that BaLa204 
sintered pellets having a purity of not less than 99.5% were 
used, to form a glass substrate. The thus-formed glass 
substrate was referred to as "Comparative Exeimple 430". 



Comparative Example 431 

A protecting film composed of MgOiLaBg was formed by the 
same method as Comparative Example 407 except that MgOiLaBg 
sintered pellets having a purity of not less than 99.5% were 
used, to form a glass substrate. The thus-formed glass 
substrate was referred to as "Comparative Example 431". 

Comparative Example 432 

A protecting film composed of MgO:La203 was formed by 
the same method as Comparative Example 407 except that 
MgOiLaaOa sintered pellets having a purity of not less than 
99.5% were used, to form a glass substrate. The thus-formed 
glass substrate was referred to as "Comparative Example 
432" . 

Comparative Example 4 33 
A protecting film composed of MgOiSCzOa was formed by 
the same method as Comparative Example 407 except that 
MgOrSCjOa sintered pellets having a purity of not less than 
99.5% were used, to form a glass substrate. The thus-formed 
glass substrate was referred to as "Comparative Example 
433" . 

Comparative Example 434 
A protecting film composed of MgOiYjOg was formed by the 
Scune method as Comparative Example 407 except that MgOrYjOg 
sintered pellets having a purity of not less than 99.5% were 
used, to form a glass substrate. The thus-formed glass 
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substrate was referred to as "Comparative Example 434". 
Comparison Test 8 and Evaluation 
In each of Examples 401 to 449, the thickness of the 
fluoride layer formed on the surface of the protecting film 
on the front glass substrate was measured by elemental 
analysis in the depth direction by X-ray photoelectron 
spectroscopy . 

In each of Examples 401 to 449 and Comparative Examples 
401 to 434, the environment resistance of the protecting 
films was measured by the same method as Comparison Test 1. 

In each of Examples 401 to 449 and Comparative Examples 
401 to 434, the breakdown voltage (Vf) of the protecting 
film was measured as follows: 

In Examples 401 to 449, the glass substrate was first 
incorporated in PDP, a removal discharge gas (gas containing 
CF4) was injected in each of the discharge cells of the PDP, 
and then plane discharge was started between the display 
electrodes to remove the fluoride layer by etching due to 
the discharge. After the removal discharge gas was 
exhausted, the panel was filled with a gas mixture of He and 
2% Xe at 400 Torr as a display discharge gas. In this state, 
an AC voltage of 10 kHz was applied between the display 
electrodes to measure the breakdown voltage. 

In Comparative Examples 401 to 434, the glass substrate 
was first incorporated in PDP, and each of the discharge 



cells of the PDP was filled with a gas mixture of He and 2% 
Xe at 400 Torr as a display discharge gas. In this state, 
an AC voltage of 10 kHz was applied between the display 
electrodes to measure the breakdown voltage. 

The results of measurement are shown in Tables 15 to 19 
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Table 15 



Example 
No. 


Modification condition of film body (MgO) 
surface 


Thick- - 
ness of 
fluoride 
layer 
(nm) 


Environ- 
ment 
resist- 
ance 


Break- 
down 
voltage 
Vf (V) 


Temper- 
ature 


Time 
(min) 


Type and partial pressure of 
gas 


Thick- 
ness of 
carbonate 
(nm) 


Gas 


Partial 
pressure 


Gas 


Partial 
pressure 


401 


25 


10 


F 

^ 2 


152 






24 


1 


156 


402 


25 


10 


F 

' 2 


76 






16 


1 


154 


403 


25 


1 


F 








10 


3 


160 


404 


25 


10 


P 

' 2 








15 


1 


152 


405 






F 

' 2 








30 


1 


156 


406 


25 


10 


F 

' 2 


7 6 






5 


7 


166 


407 


25 


10 


F 


7 . 6 


N 

"2 


752 


6 


10 


165 


408 


100 


10 


F 

^ 2 


7 . 6 






22 


1 


152 


409 


25 


1 


HF 


38 






5 


12 


166 


410 


25 


10 


HF 


7 . 6 


*'2 


752 


2 


15 


168 


411 


25 


10 


BF, 


7 . 6 






4 


10 


163 


412 


25 


10 


SbFs 


7.6 






5 


7 


159 


413 


25 


10 


SF, 


7.6 






2 


11 


165 


414 


25 


10 




152 






10 


1 


151 


415 


25 


1 


HF 


38 






2 


7 


156 


416 


25 


10 




152 






36 


2 


170 


417 


25 


1 


HF 


38 






6 


15 


178 


418 


25 


10 


F2 


152 






420 


5 


171 


419 


25 


10 


F2 


152 






42 


2 


173 


420 


25 


1 


HF 


38 






6 


18 


180 


421 


25 


10 


F. 


152 






510 


7 


178 
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Table 16 



Example 
No. 


Type of 

sintered 

pellets 


Modification condition of 
protecting film surface 


Thick- - 
ness of 
fluoride 
layer 


Environ- 
ment 
resist- 
ance 


Break- 
down 
voltage 
Vf (V) 






ature 
("C) 


Time 
(min) 


Of 

gas 


Partial 
pressure 
of gas 


(nm) 


Thick- 
ness of 
carbonate 
(nm) 




422 


CaO 










10 


8 


170 


423 


SrO 










16 


1 


156 


424 


BaO 










15 


1 


161 


425 


(Ca* Sr )0 










12 


2 


151 


*x ^ U 


(Mg* Sr )0 










10 


2 


150 




( Sr 'Ba)0 










16 


1 


154 


428 


Y203 


25 


1 


HF 


38 


8 


2 


190 


429 


GdjOa 










6 


1 


183 


430 












5 


2 


180 


431 


CeOz 










10 


2 


183 


432 


LaaOa 










7 


4 


171 


433 


Yb203 










7 


3 


173 


434 


MgGd204 










7 


3 


180 


435 












8 


3 


173 
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Table 17 



Example 


Type of 


Modification condition of 


Thick- - 


Environ- 


Break- 


No. 


sintered 


protecting film surface 


ness of 


ment 


down 




pellets 








fluoride 
layer 


resist- 
ance 


voltage 
Vf (V) 






ature 


Time 
(min) 


of 
gas 


Partial 
pressure 
of gas 


(nm) 


Thick- 
ness of 
carbonate 
(nm) 




436 

■x »J W 


MaLa->0>, 










5 


2 


170 


437 


CaGd-.0- 

X^ A 










5 


1 


183 


438 

*X *J \J 


CaY204 










7 


1 


177 


4 3Q 


CaLa^O- 

Vi*< 111 WlO^'d 










Q 


2 


177 


440 












10 


A 
■x 


164 

^ \J *T 


441 


SrY204 










10 


4 


163 


442 


SrLa,0- 


25 


1 


HF 


38 


12 


3 


170 


443 


BaGd204 










15 


3 


171 


444 


BaY204 










18 


1 


175 


445 


BaLa204 










16 


1 


171 


446 


MaO : LaBg 










10 


2 


155 


447 


MgO : La203 










8 


4 


156 


448 


MgO : SC2O3 










12 


5 


153 


449 


MgO:Y203 










12 


2 


153 
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Table 18 



Compar- 
ative 
Example 
No. 


Type of 

sintered 

pellets 


Modification condition of 
protecting film surface 


Thick- - 
ness of 
fluoride 
layer 


Environ- 
ment 
resist- 
ance 


Break- 
down 
voltage 
Vf (V) 






Temper- 
ature 
C) 


Time 
(min) 


Tvne 

of 

gas 


Partial 
pressure 
of gas 


(nm) 


Thick- 
ness of 
carbonate 
(nm) 




401 


MgO 












17 


172 


402 


MgO 












10 


165 


403 


MgO 












22 


196 


404 


MgO 












510 


201 


405 


MgO 












30 


195 


406 


MgO 












560 


200 


407 


CaO 












20 


180 


408 


SrO 










Un- 
treated 


22 


185 


409 


BaO 










28 


186 


410 


(Ca-Sr)O 










25 


179 


411 


(Mg-Sr)O 












22 


176 


412 


(Sr-Ba)O 












25 


191 


413 


Y2O3 












18 


213 


414 


GdaOa 












20 


206 


415 


Dy203 












25 


200 


416 


CBO2 












16 


198 


417 


La203 












19 


190 
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Table 19 



Compar- 
ative 
Example 
No. 


Type of 

sintered 

pellets 


Modification condition of 
protecting film surface 


Thick- - 
ness of 
fluoride 
layer 


Environ- 
ment 
resist- 
ance 


Break- 
dovm 
voltage 
Vf (V) 






Temper- 
ature 
CO 


Time 
(min) 


TvDe 

Of 

gas 


Partial 
pressure 
of gas 


(nm) 


Thick- 
ness of 
carbonate 
(nm) 




418 














26 


208 


419 














16 


212 


420 


MgY204 












18 


190 


421 


MQLa,0> 












26 


185 


422 


CaGdoO^ 












14 


187 


423 


CaY.O. 

w 2^4 












16 


189 


424 


CaLa^^Oi 

2 4 












20 


192 


425 


SrGd204 










Un- 
treated 


22 


192 


426 












27 


185 


427 


SrLa204 










18 


195 


428 


BaGd204 












16 


202 


429 


BaY204 












14 


201 


430 


BaLa204 












24 


206 


431 


MaOzLaBg 












18 


188 


432 


MgO : LaiOa 












14 


180 


433 


MgO : SC2O3 












16 


182 


434 


MgO:Y203 












16 


186 



Tables 15 to 19 indicate that in each of Comparative 
Examples 401 to 403, 405, and 407 to 434, the thickness of 
the carbonate (MgCOa) formed on the film body is as large as 
10 to 30 nm, and in each of Comparative Examples 404 and 406, 
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the carbonate (MgC03) is formed over substantially the entire 
protecting film. On the other hand, in each of Examples 401 
to 449, the thickness of the carbonate is as small as 1 to 
18 nm. It is also found that as the thickness of the 
fluoride layer formed on the surface of the protecting film 
increases, the thickness of the carbonate layer decreases. 

In Comparative Examples 401 and 402, the breakdown 
voltages are 172 and 165 V, respectively, while in Examples 
401 to 415 corresponding to Comparative Examples 401 and 402, 
the breakdown voltages are slightly lower values of 151 to 
168 V. In Comparative Examples 403 to 406, the breakdown 
voltages are 195 to 201 V, while in Examples 416 to 421 
corresponding to Comparative Examples 403 to 406, the 
breakdown voltages are as low as 170 to 180 V. In 
Comparative Examples 407 to 434, the breakdown voltages are 
176 to 213 V, while in Examples 422 to 449 corresponding to 
Comparative Examples 407 to 434, the breakdown voltages are 
as low as 150 to 190 V. It is thus found that in Examples 
of the present invention, the secondary electron emitting 
ability is high, and thus the performance of PDP is improved. 

As described above, in the present invention, a film 
body is formed on the surface of a substrate, and a fluoride 
layer is further formed on the surface of the film body. 
Therefore, even when a protecting film is exposed to air for 
a long time during the process for manufacturing FPD, MgO or 
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the like in the film body little reacts with CO2 gas and H2O 
gas in air* As a result, MgO or the like is little 
degenerated to MgCOj and Mg(OH)2, etc. which have the 
probability of deteriorating the function of FPD, thereby 
improving the environment resistance of the film body. 

Since the film body of the protecting film, which has 
substantially the same thermal expansion coefficient as the 
substrate, is bonded to the substrate, the protecting film 
is not separated from the substrate due to a thermal cycle, 
and adhesion and matching between the protecting film and 
the substrate are significantly improved. 

In the protecting film comprising the film body formed 
on the surface of the substrate by using a MgO powder or the 
like coated with a fluoride layer, even when the protecting 
film is exposed to air for a long time during the process 
for manufacturing FPD, MgO or the like in the film body 
little reacts with CO2 gas and H2O gas in air. As a result, 
MgO or the like is little degenerated to MgCOa and Mg(OH)2, 
etc. which have the probability of deteriorating the 
function of FPD, thereby improving the environment 
resistance of the film body. In addition, since the 
fluoride layers coated on the surfaces of the MgO powder or 
the like are very thin, the MgO powder or the like has 
substantially the same mechanical properties as a MgO powder 
or the like with no fluoride layer coated on the surfaces 
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thereof . 

Furthermore, where the fluoride layer is represented by 
MOxFy (M is Mg, or the like, 0 ^ X < 2, and 0 < Y ^4); the 
fluoride layer is obtained by reaction of a gaseous 
fluorinating agent with MgO or the like; fluorine gas, 
hydrogen fluoride gas, BF3, SbFg or SF4 is used as the 
gaseous fluorinating agent; or the thickness of the fluoride 
layer is set in the range of 0.1 to 1000 nm; the above 
effect can be significantly exhibited. 

The film body may be formed on the surface of the 
substrate and then surf ace- treated with a gaseous 
fluorinating agent to form a fluoride layer on the surface 
of the film body. In this case, MgO or the like in the film 
body is little degenerated to MgCOg and Mg(OH)2, etc. which 
are harmful to the function of FPD, thereby shortening the 
time of the subsequent degassing step for removing MgCOa and 
Hy(OK)2# ecu. or Oiiixtting the degassing step, decreasing the 
manufacturing cost of FPD. 

The film body may be formed on the surface of the 
substrate in a vacuum, and then surf ace -treated with a 
gaseous fluorinating agent in a vacuum or an inert gas 
atmosphere without exposure to air to form a fluoride layer 
on the surface of the film body. This can prevent or 
suppress the production of carbonate (MgCOj or the like) and 
hydroxide (Mg(OH)2 or the like) of MgO or the like, which are 
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harmful to FPD, on the surface of the film body. 

The film body may be formed on the substrate of the 
substrate in a vacuum, exposed to air and then activated by 
burning in air, and further surface-treated with a gaseous 
fluorinating agent to form a fluoride layer on the surface 
of the film body. In this case, even when carbonate (MgCOa 
or the like) and hydroxide (Mg{OH)2 or the like) of MgO or 
the like, which are harmful to FPD, are formed on the 
surface of the film body, the film body is activated by 
burning to remove carbonate (MgCOa or the like) and hydroxide 
(Mg(OH)2 or the like) of MgO or the like, which are foirmed on 
the surface of the film body, as CO2 and H2O, In this state, 
the fluoride layer is formed on the surface of the film body 
to protect the surface of the film body by the fluoride 
layer, thereby preventing or suppressing the formation of 
carbonate (MgCOa or the like) and hydroxide (Mg(OH)2 or the 
like) of MgO or the like. The jToiTuiatiori of cai:uOiia.Le and 
hydroxide of MgO or the like can be significantly prevented 
or suppressed by fluorination without exposure to air after 
MgO or the like is deposited in a vacuum. 

The substrate surface on which the film body and the 
fluoride layer are formed may be burned in air before, 
during or after assembly to activate the film body. In this 
case, when hydroxide (Mg(OH)2 or the like) of MgO or the like 
is slightly formed on the film body, the hydroxide can be 
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removed as HjO, thereby decreasing the rate of re- 
contamination of the film body with atmospheric moisture. 

The film body may be formed on the surface of the 
substrate by using paste or dispersion for a film which is 
prepared by mixing a binder and a MgO powder or the like 
coated with a fluoride layer by surface-treating the MgO 
powder or the like with a gaseous fluorinating agent. In 
this case, since the MgO powder or the like in the film body 
is little degenerated to MgCOg and Mg(OH)2, etc. which are 
harmful to the function of FPD, thereby shortening the time 
of the subsequent degassing step for removing MgCOa and 
Mg(OH)2, etc. or omitting the degassing step, decreasing the 
manufacturing cost of FPD, as described above. 

V/here the film body or MgO powder or the like is 
surface-treated with a gaseous fluorinating agent at 
pressure of 1 to 760 Torr; or fluorine gas, hydrogen 
fluoride gas, BF3, SuFj or SF4 is used as the gaseous 
fluorinating agent; it is possible to relatively easily form 
the fluoride layer having the high secondary-electron 
emitting ability on the surface of the film body or the MgO 
powder or the like . 

In manufacturing FPD by using the above-mentioned 
protecting film, the number of steps for manufacturing FPD 
can be significantly decreased, and thus FPD can be 
manufactured at low cost. 
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The protecting film composed of an alkali earth metal 
oxide or the like may be formed on the surface of the 
substrate, and then surf ace -treated with a gaseous 
fluorinating agent to form a fluoride layer on the surface 
of the protecting film, followed by removal of the fluoride 
layer after assembly of FPD using the substrate. In this 
case, even when the protecting film is exposed to air for a 
long time in the process for manufacturing FPD, the 
protecting film little reacts with CO2 gas and HjO gas in air. 
As a result , the alkali earth metal oxide or the like of the 
protecting film is little degenerated to carbonate and 
hydroxide, etc. which have the probability of deteriorating 
the function of FPD, thereby improving the environment 
resistance of the protecting film. On the other hand, the 
occurrence of cracks in the fluoride layer and separation of 
the fluoride layer can be prevented due to good matching 
between the fluoride layer and the protecting layer, thereby 
improving the degeneration protecting effect of the 
protecting film. 

Furthermore, where the fluoride layer is represented by 
MOxFy (M is an alkali earth metal, or the like, 0 ^ X < 2, 
and 0 < Y ^4); the fluoride layer is obtained by reaction of 
a gaseous fluorinating agent with an alkali earth metal or 
the like; fluorine gas, hydrogen fluoride gas, BF3, SbFg or 
SF4 is used as the gaseous fluorinating agent; or the 
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thickness of the fluoride layer is set in the range of 0.1 
to 1000 nm; the above effect can be significantly exhibited. 

In the protecting film and FPD produced by the above- 
mentioned method, the fluoride layer is removed after 
assembly of FPD, improving the discharge characteristics of 
FPD. 



